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IN THE SENATE OF THE UNITED STATES. 

March 1, 1869. 
Buoltf4y That five thousand copies of the report of the Smithsonian Institution for the 
year eighteen hundred and sixty-eight be printed — three thousand for the use of the Senate, 
and two thousand for the Institution ; and that said report be stereotyped : Provided^ That 
the aggregate number of pages of said report shall not exceed four hundred and fifty, with- 
out iUustrations, except tnose furnished by the InstituUon. 



IN THE HOUSE OF KEPEESENTATIVES. 

February 37, 1869. 
Ruolved, That there be printed five thousand extra copies of the report of the Smithsonian 
Institution — three thousand for the use of the House, and two thousand for the Institution — 
tb« same to be stereotyped at the expense heretofore provided for. 
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LETTER 

, FROU THE 

SECRETARY OF THE SMITHSONIAN INSTITUTION, 

TRANSMITTIIIO 

The annual report of the Smithsonian Institution for the year 1868. 



February 13, 1869.— Laid oo the table and ordered to be printed. 



Smithsonian Institution, 

Washington^ February 3, 1869. 
Sib : In behalf of the Board of Eegents I have the honor to submit to 
the Congress of the United States the annual report of the operations, 
expenditures, and condition of the Smithsonian Institution for the yeai 
1868. 

I have the honor to be, very respectfully, your obedient servant, 

JOSEPH HBNET, 
Secretary Smithsonian Institution. 
Hon. B. P. Wade, 

President of the Senate. 

Hon. SOHTTSTLBE COLFAX, 

Spealcer of the Home of Bepresentatives. 
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ANNUAL KEPOKT OF THE BOARD OF REGENTS 



OF THE 



SMITHSONIAN INSTITUTION, 



SHOWING 



THE OPERATIONS, EXPENDITUEES, AND CONDITION OF THE INSTITUTION 

FOB THE YEAE 1868. 



To the Smote and House of Representatives: 

In obedience to the act of Congress of August 10, 1846, establishing 
the Smithsonian Institution, the undersigned, in behalf of the Begents, 
submit to Congress, as a r'eport of the operations, expenditures, and con- 
dition of the Institution, the following documents: 

1. The Annual Eeport of the Secretary, giving an account of the ope- 
rations of the Institution during the year 1868. 

2. Eeport of the Executive Committee. 

3. Proceedings of the Board of Begents. 

4. Appendix. 

BespectfdIly submitted. 

S. P. CHASE, Chancellor. 

JOSEPH HENBT, /Secretary. 
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OFFIOEES OF THE SMITHSONIAN mSTITUTION. 

February, 1869. 

ANDREW JOHNSON, ex officio Presiding Officer of the Listitation. 

SALMON P. CHASE, ChaDcellor of the Institution. 

JOSEPH HENRT, Secretary of the Institution. 

SPENCER F. BAIRD, Assistant Secretary. 

WILLIAM J. RHEE8, Chief Clerk. 

RICHARD DELAFIELD, ^ 

PETER PARKER, > Executive Committee. 

JOHN MACLEAN, J 



EEGENTS t)F THE INSTITUTION. 



B. F. WADE, Vice-President of the United States, (pro tempore,) 
8. P. CHASE, Chief Justice of the United States. 
S. J. BOWEN, Mayor of the City of Washington. 
. L. TRUMBULL, member of the Senate of the United States. ' 
GARRETT DAVIS, member of the Senate of the United States. 
W. P. FESSENDEN, member of the Senate of the United States. 
J. A. GARFIELD, member of the House of Representatives. 
L. P. POLAND, member of the House of Representatives. 
J. V. L. PRUYN, member of the House of Representatives. 
W. B. ASTOR, citizen of New York. 
T. D. WOOLSEY, citizen of Connecticut. 
L. AGASSIZj citizen of Massachusetts. 
JOHN MACLEAN, citizen of New Jersey. 
RICHARD DELAFIBLD, citizen of Washington. 
PETER PARKER, citizen of Washington. 
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PROGRAMME OF ORGANIZATION 

OP THE 

SMITHSONIAN INSTITUTION. 



[PRESENTED IN THE FIRST ANNUAL REPORT OF THE SECRETARY, AND 
ADOPTED BY THE BOARD OF REGENTS, DECEMBER 13, 1847.] 



INTRODUCTION. 



Oenerdl considerations which should serve as a guide in adopting a Plan of 

Organization. 

1. Will op Smtthson. The property is bequeathed to the United 
States of America, "to fonnd at Washington, under the name of the 
Smithsonian Institution, an establishment for the increase and diffu- 
sion of knowledge among men.^ 

2. The bequest is for the benefit of mankind. The government of the 
United States is merely a trustee to carry out the design of the testator. 

3. The Institution is not a national establishment, as is frequently sup- 
posed, but the establishment of an individual, and is to bear and perpet- 
uate his name. 

4. The objects of the Institution are, 1st, to increase, and, 2d, to diffuse 
knowledge among men. 

5. These two objects should not be confounded with one another. The 
first is to enlarge the existing stock of knowledge by the addition of new 
truths ; and the second, to disseminate knowledge, thus increased, among 
men. 

6. The will makes no restriction in favor of any particular kind of 
knowledge ; hence all branches are entitled to a share of attention. 

7. Knowledge can be increased by different methods of facilitating 
and promoting the discovery of new truths; and can be most extensively 
diffused among men by means of the press. 

8. To effect the greatest amount of good, the organization should be 
such as to enable the Institution to produce results, in the way of increas- 
ing and diffusing knowledge, which cannot be produced either at aU or 
so efficiently by the existing institutions in our country. 

9. The organization should also be such as can be adopted provision- 
jjly ; can be easily reduced to practice; receive modifications, or be aban- 
doned, in whole or in part, without a sacrifice of the funds. 

10. In order to compensate, in some measure, for the loss of time 
occasioned by the delay of eight years in establishing the Institution, a 
considei-able portion of the interest which has accrued should be added 
to the principal. 

11. In proportion to the wide field of knowledge to be cultivated, the 
funds are small. Economy should, therefore, be consulted in the con- 
struction of the building; and not only the first cost of the edifice should 
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be considered, but also the continaal expense of keeping it in repair, 
and of the support of the establishment necessarily connected with it. 
There should also be but few individuals permanently supported by the 
Institution. 

12. The plan and dimensions of the building should be determined by 
the plan of the organization, and not the converse. 

13. It should be recollected that mankind in general are to be bene- 
fited by the bequest, and that, therelore, all unnecessary expenditure on 
local objects would be a i)erversion of the trust. 

14. Besides the foregoing considerations, deduced immediately from 
the will of Smithson, regard must be had to certain requirements of the 
act of Congress establishing the Institution. These are, a library, a 
museum, and a gallery of art, with a building on a liberal scale to con- 
tain them. 

SECTION L 

Plan of organization of the Institution in accordance with theforegoiiig 
deductions from the tcill ofSmitJison. 

To INCREASE KNOWLEDGE. It is proposed — 

1. To stimulate men of talent to make original researches, by offering 
suitable rewards for memoirs containing new truths; and, 

2. To appropriate annually a portion of the income for particular 
researches, under the direction of suitable persons. 

To DIFFUSE KNOWLEDGE. It is proposed — 

1. To publish a series of periodical reports on the progress of the dif- 
ferent branches of knowledge; and, 

2. To publish occasionally separate treatises on subjects of general 
interest. 

DETAILS OF THE PLAN TO INCREASE KNOWLEDGE. 
I. By stimulating researches. 

1. Facilities afforded for the production of original memoirs on all 
branches of knowledge. 

2. The memoirs thus obtained to be published in a series of volumes, 
in a quarto form, and entitled Smithsonian Contributions to Knowledge. 

3. No memoir on subjects of physical science to be accepted for pub- 
lication which does not furnisl^a positive addition to human knowledge, 
resting on original research; and all unverified speculations to be re- 
jected. 

4. Bach memoir presented to the Institution to be submitted for 
examination to a commission of persons of reputation for learning in the 
branch to which the memoir pertains; and to be accepted for publica- 
tion only in case the report of this commission is favorable. 

5. The commission to be chosen by the officers of the Institution, and 
the name of the author, as far as practicable, concealed, unless a favora- 
ble decision is made. 

6. The volumes of the memoirs to be exchanged for the transactions 
of literary and scientific societies^ and copies to be given to all the col- 
leges and principal libraries in this country. One pint of the remaining 
copies may be ottered for sale, and the other carefully prcsei-ved, to form 
complete sets of the work, to supply the demand from new institutioi»s. 
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PROGRAMME OF ORGANIZATION. 9 

?• An abstract, or popular account, of the contents of these memoirs 
to be given to the public through the annual report of the Eegents to 
Congress, 

IL By appropriating a part of the income j annually ^ to special objects oj 
research^ under the direction of suitable persons. 

!• The objects and the amount appropriated, to be recommended by 
counsellors of the Institution. 

2. Appropriations in different years to different objects; so that in 
course of time each branch of knowledge may receive a share. 

3. The results obtained from these appropriations to be published, 
with the memoirs before mentioned, in the volumes of the Smithsonian 
Contributions to Knowledge. 

^ 4. Examples of objects for which appropriations may be made. 
* (1.) System of extended meteorological observations for solving the 
problem of American storms. 

(2.) Explorations in descriptive natuml history, and geological, mag- 
netical, and topographical surveys, to collect materials for the formation 
•of a Physical Atlas of the United States. 

(3.) Solution of experimental problems, such as a new determination 
of the weight of the earth, of the velocity of electricity, and of light ; 
chemical analyses of soils and plants; collection and publication of scien- 
tific facts accumulated in the offices of government. 

(4.) Institutfon of statistical inquiries with reference to physical, 
moral, and political subjects. 

(5.) Historical researches, and acciurate surveys of places celebrated in 
Americ>an history. 

(6.) Ethnological researches, particularly with reference to the differ- 
ent races of men in North America; also, explorations and accurate sur- 
veys of the mounds and other remains of the ancient people of our 
country. 

DETAILS OP THE PLAN FOR DIFFUSING KNOWLEDGE. 

I. By the publication of a series of reports, giving an account of the new dis 
coteries in science, and of the cimnges made from year to year in all 
branches of knotcledge not strictly professional. 

1. These reports will dif^se a kind of knowledge generally interest- 
ing, but which, at present, is inaccessible to the public. Some of the 
reports may be published annually, others at longer intervals, as the 
income of the Institution or the changes in the branches of knowledge 
may indicate. 

2. The reports are to be prepared by collaborators eminent in the dif- 
ferent branches of knowledge. 

3. Each collaborator to be furnished with the journals and publica- 
tions, domestic and foreign, necessary to the compilation of his report; 
to be paid a certain sum for his labors, and to be named on the title- 
Dage of the report. 

4. The reports to be published in separate parts, so that persons inter- 
st^d in a particular branch can procure the parts relating to it without 

purchasing the whole. 

6. These reports may be presented to Congress, for partial distribu- 
tion, the remaining copies to be given to literary and scientific institu- 
tions, and sold to individuals for a moderate price. 
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10 PROGRAMME OP ORGANIZATION. 

The following are some of the subjects which may be embraced in the 
reports: 

I. PHYSICAL CLASS. 

1. Physics, including astronomy, natural philosophy, chemistry, and 
meteorology. 

2. Natural history, including botany, zoology, geology, &c. 

3. Agriculture. 

4. Application of science to arts. 

n. MORAL AND POLITICAL CLASS. 

6. Ethnology, including particular history, comparative philology, 
antiquities, &c. 

6. Statistics and political economy. 

7. Mental and moral philosophy. 

8. A survey of the political events of the world; penal reform, &c. 

III. LITERATURE AND THE FINE ARTS. 

9. Modem literature. 

10. The fine arts, and their application to the useful arts. 

11. Bibliography. 

12. Obituary notices of distinguished individuals. 

II. By the publication of separate treatises on subjects of general interest 

1. These treatises may occasionally consist of valuable memoirs trans- 
lated from foreign languages, or of articles prepared under the direction 
of the Institution, or procured by offering premiums for the best exposi- 
tion of a given subject. 

2. The treatises should, in all cases, be submitted to a commission of 
competent judges previous to their publication. 

3. As examples of these treatises, expositions may be obtained of the 
present state of the several branches of knowledge mentioned in the 
table of reports. ^ 

SECTION n. 

Plan of organization^ in accordance with the terms of the resolutions of the 
Board of Eegents providing for the two modes of increasing and diffusing 
Tcnowledge. 

1. The act of Congress establishing the Institution contemplated the 
formation of a library and a museum ; and the Board of Eegents, includ- 
ing these objects in the plan of organization, resolved to cfivide the in- 
come into two equal parts. 

2. One part to be appropriated to increase and diffuse knowledge 
by means of publications and researches, agreeably to the scheme before 
given. The other part to be appropriated to the formation of a library 
and a collection of objects of nature and of art. 

3. These two plans are not incompatible with one another. 

4. To carry out the plan before described, a library will be required, 
consisting, 1st, of a complete collection of the transactions and proceed- 
ings of all the learned societies in the world; 2d, of the more important 
current periodical publications, and other works necessary in preparing 
the periodical reports. 
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6. The Institution shonld make special collections, particularly of 
objects to illustrate and verify its own publications. 

6. Also, a collection of instruments of research in all branches of ex- 
X)erimental science. 

7. With reference to the collection of books, other than those men- 
tioned above, catalogues of all the different libraries in the United States 
should be procured, in order that the valuable books first purchased may 
oe such as are riot to be found in the United States. 

8. Also, catalogues of memoirs, and of books and other materials, 
should be collected for rendering the Institution a centre of bibliograph- 
ical knowledge, whence the student may be directed to any work which 
he may require. 

9. It is believed that the collections in natural history will increase by 
donation as rapidly as the income of the Institution can make provision 
for their reception, and, therefore, it will seldom be necessary to pur- 
chase articles of this kind. ^ 

10. Attempts should be made to procure for the gallery of art casts 
of the most celebrated articles of ancient and modem sculpture. 

11. The arts may be encouraged by providing a room, free of expense, 
for the exliibition of the objects of the Art- Union and other similar 
societies. \ 

12. A small appropriation should annually be made for models of an- 
tiquities, such as those of the remains of ancient temples, &c. 

13. For the present, or until the building is fully completed, besides 
the Secretary, no permanent assistant will be required, except one, to act 
as librarian. 

14. The Secretary, by the law of Congress, is alone responsible to the 
Begents. He shall take charge of the building and property, keep a 
record of proceedings, discharge the duties of librarian and keeper of 
the museum, and may, with the consent of the Begents, employ assist- 
ants. « 

15. The Secretary and his assistants, during the session of Congress, 
will be required to illustrate new discoveries in science, and to exhibit 
new objects of art. Distinguished individuals should also be invited to 
give lectures on subjects of general interest. 



This programme, which was at first adopted provisionally, has become 
the settled policy of the Institution. The only material change is that 
exprc^used by the following resolutions, adopted January 15, 1855, viz: 

Besolvedy That the 7th resolution passed by the Board of Begents, on 
the 26th of January, 1847, requiring an equal division of the income 
between the active operations and the museum and library, when the 
buildings are completed, be, and it is hereby, repealed. 

Besolvedj That herearter the annual appropriations shall be appor- 
tioned specifically among the different objects and operations of the 
Institution, in such manner as may, in the judgment of the Begents, be 
necessary and proper for each, according to its intrinsic importance and 
a compliance in good faith with the law. 
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EEPOET 
or 

PROFESSOR HENRY, SECRETARY OF THE SMITHSONIAN INSTITUTION, 

FOB . 

1868. 



To the Board of Regents : 

Gentlemen: Nothing has occurred during the past year of a charac- 
ter demanding the special action of the Board. Indeed, the policy of the 
Institution originally adopted has become so firmly settled and so widely 
known, as well as properly appreciated, that few difficulties are now 
likely to present themselves in the administration of the trust which do 
not find a solution in some precedent in the experience of the past. The 
funds appropriated at the last session have been devoted to the different 
objects for which they were designated, and the several classes of opera- 
tions which were inaugurated at the commencement of the Institution 
have been prosecuted with as much efficiency as the means at disposal 
would permit. From the first there has been no want of unoccupied 
fields inviting attention, and well adapted with judicious cultivation to 
yield a plentiful harvest of additions to science. Indeed, the only sub- 
ject of regret suggested by a review of the past, or a survey of the pres- 
ent, is the application of so large a portion of the income to objects which, 
though in most cases important in themselves, are not, as is now gener- 
ally conceded, strictly reconcilable either with the scope or the terms of 
the endowment. The guardians of the Institution are not, however, 
responsible for these expenditures, which had their origin in a general mis- 
conception of the import of the bequest at the time when Congress enacted 
the law organizing the Institution. On the contrary, the administration 
has been such as to correct, as far as possible, the errors above mentioned, 
and to present to the world an example worthy of imitation in the manage- 
ment of other establishments founded on trust funds. The directors have 
ever been deeply impressed with a sense of the importance of the trust 
committed to their charge, not only in consideration of the good which 
might directly result from it, but also on account of the influence which 
80 conspicuous, and in many respects so original an enterprise, could not 
fail to have upon the world. Man is an imitative being, and among the 
many individuals in this country who have accumulated princely fortunes 
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by the energetic exercise of native talents, there are probably not a few 
who only need the assurance of a successful precedent to induce them 
to emulate the liberality of Smithson in the endowment of other institu- 
tions for the advancement of knowledge. 

At the last session of the board it was resolved that a memorial should : 
be presented to Congress, setting forth the large expenditure to which 
the Institution had been subjected by reason of the accommodation and 
maintenance of the National Museum, and asking that the usual appro- 
priation of $4,000 which had been made on account of these objects 
might be increased to $10,000; also that $25,000 might be appropri- 
ated towards fitting up the large room in the second story of the 
main building for the better exhibition of the government collections. 
In accordance with this resolution the petition was prepared, signed by 
the Chancellor and Secretary of the Institution, and presented to the 
House of Representatives by General Garfield, one of the regents. It was 
referred to the Committee on Appropriations, and although forcibly and 
eloquently advocated by the members of the Board of Regents belonging 
to the House, it was not granted, and only the usual appropriation of 
$4,000 was made. The reasonableness of this petition, which I doubt 
not under a better condition of the national finances will meet with a 
more favorable reception, must be manifest when it is considered that 
$4,000 is the sum which the maintenance of the museum cost the gov- 
ernment when it was under the charge of the Patent Office, and that 
since its removal to the Institution it has been enlarged to threefold its 
previous size, while the money has been depreciated to one-half its former 
value; and furthermore, that the amount expended since the fire in 
1865, for the reconstruction of the building and supply of furniture, is 
over $140,000, the greater part of which was for the accommodation of the 
National Museum. This large sum was rendered necessary by the pecu- 
liar character of the architecture, the cost of fire-proof materials, and 
the high price of labor. Of the above amount, more than $20,000 was 
defrayed from the annual income of last year, and after this reduction 
of the resources it was scarcely to bo expected that the operations of 
the Institution could be carried on with as much efficiency as had been 
the casein years previous to the disaster which entailed on it this heavy 
incidental expenditure. Yet we venture to hope that the exposition given 
in the following parts of this report will show the results attained to 
have been little inferior in value or extent to those of any preceding year. 

It will appear from the report of the Executive Committee, that notwith- 
standing the large draughts which have been made upon the funds on 
account of the building, they are still in a highly prosperous condition. 
Thu^, while at the beginning of the year 1868 there was a balance in the 
treasury of about $11,000, with outstanding liabilities contracted prin- 
cipally for repairs and reconstruction to the amount of $22,000 ; on the 
otlier hand, at the beginning of 1869, there is a disposable balance of 
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$10^352, with bills falling dne to the amonnt of not more than $3,000. 
The Hinds are therefore in a better condition at present than they were 
a year ago by upwards of $18,000. The Institution having paid all 
indebtedness incurred by repairs on the building, could to day wind up 
its affairs not only without debt, but with the capital exhibited in the 
following statement : 

The whole bequest of Stnithson, in United States treasury . . $541,379 63 
Additions from savings, &c., in United States ti'easury . . . 108,620 37 

Vkginia State stock, $72,760, valued at 40,000 00 

Cash on hand 7,000 00 

Total capital 607,000 00 

While every part of the original programme has been rigidly carried 
out, the large increase in the capital exhibited in the foregoing state- 
ment may justly be claimed as the result of frugal management and 
a judicious investment of the interest annuaUy accruing. 

At the commencement of operations definite lines of policy were 
adopted, the object of which was to insure the expeuditure of the income 
in such a manner as most eifectuaUy to realize the conceptions of the 
founder in his generous purpose of promoting the << increase and diffusion 
of knowledge among men.'' Of the principles judged conducive to this 
end an important one was embodied in the resolution to co-operate, 
as far as possible, with individuals and institutions engaged in the 
same work, especially with those in the city of Washington. An obvious 
corollary of this was the determination to make no appropriation of the 
funds to the furtherance or support of any object which could be accom- 
plished as well by other instrumentality. This policy has been frequently 
referred to in previous reports under the concisely expressed motto, 
" co-operation not monopoly." 

It was in the spirit of this policy that the books of the Institution 
were last year incorporated with those of Congress and results produced 
which fully justify the measure as well as illustrate the importance of 
the principle ; for, while by this union under one system and superintend- 
ence a library has been formed worthy the National Capital, the capacity 
of the Smithsonian fund to advance knowledge has been materially 
increased. In pursuance of the same policy another important arrange- 
ment has been made during the past year. I refer to the transfer of the 
herbarium of the Institution to the care of the Department of Agriculture. 
This herbarium consists of from 15,000 to 20,000 specimens from all parts 
of the world, properly classified and labeled. It is the result, in the line of 
botany, of the various expeditions of the government and of the special 
explorations of the Institution. The collections have from the first been 
in the charge of Dr. Gray and Dr. Torrey — ^thetwo most eminent botan- 
ists in this country — who have scientifically arranged them and formed 
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the duplicates into sets for distribution. Dr. Gray has, however, left the 
country for an absence of some years in Europe, and Dr. Torrey, who 
has devoted at least two entire years of his life to these specimens, is 
unable logger to continue this gratuitous and disinterested service on 
account of the more imperious duties of his official position, and 
consequently intimated to us that the botanical specimens would have 
to be removed from Columbia College, New York, where they have 
been deposited under his care. To render such a collection of any 
practical use, and to preserve the plants from decay, the constant super- 
intendence of a competent botanist is obviously indispensable ; but as 
the appropriation hitherto made by Congress is far too meagre to meet 
the cost of the present su])port of the museum it was necessary to seek 
some other means of providing for these plants. Now, as the Agricul- 
tural Department requires for continual reference such a collection of 
plants, and had begun to gather one ; and as, also, in the course of its in- 
vestigations it has need of the services of a practical botanist, nothing 
could seem more advisable than to unite the two collections. By this 
arrangement not only are the series of plants themselves rendered more per- 
fect and more readily accessible, but the Institution is in the same degree 
relieved of the burden imposed upon it in the support of a multifarious 
and rapidly increasing museum. The transfer, however, is made with 
the understanding that the superintending botanist shall be approved 
by the Institution, that the collection shall be accessible to the public 
for practical or educational purposes, and to the Institution fo^ scientific 
investigation or for supplying any information that may be asked for by 
its correspondents in regard to the names and character of plants. It 
is ftirther stipulated that due credit shall be given to the Institution in the' 
publications of the department fdr the deposit of the original specimens 
as well as for the additions which from time to time may be made to them 
by the Institution. 

Agreeably to the policy above mentioned, the Institution has also entered 
into an arrangement with the medical department of the United States 
army by which it was thought mutual convenience and harmonious co-op- 
eration would be promoted. By this arrangement the Institution transfers 
to the museum in charge of the Surgeon General its large collection of 
human crania, and also all its specimens pertaining to anatomy, physi- 
ology, medicine, and surgery, while it takes, in return, from the medical 
museum all the collections which more properly relate to ethnology. 
It will be seen that the object kept constantly in view in these trans- 
actions is to render the various collections in Washington, which have 
been made under the direction of the government and the Institution, 
definite parts of one harmonious system, and at the same time to avoid 
the loss of labor and of means, in duplicating and preserving articles of 
a similar character in separate establishments. 

The disposition, which up to this time, has been made of the plants 
illustrates the plan which was adopted, from the first, in opd^r to pro- 
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duce the most important results with a given expenditure of means. 
The funds of the InstitutioD, it was seen, were not sufficient to carry 
out all the objects contemplated in the original law of organization. To 
sustain properly a national museum and render it an efficient means of 
popular instruction would require a number of professors of the differ- 
ent branches into which natural history has been divided. But, as the 
income was manifestly insufficient for this purpose, the plan was adopted 
of calling in, as far as possible, the aid of individual collaborators and 
of other institutions. Agreeably to this principle of action the plants 
were given in charge, as has been stated, to Doctors Gray and Tor- 
rey for naming and arrangement into sets, and to the latter gentleman 
for safe keeping until such time as means could be provided for their 
maintenance in Washington. 

For the same reason as that just given, all the type specimens of in- 
sects which have been collected by t^e Institution have been divided 
among collaborators for study and arrangement, to be reclaimed at any 
time when required by the Institution. Nor is this system of co-operation 
confined to this country, for while through its exchanges the Institution 
holds friendly correspondence with all the principal scientific and literary 
establishments of the Old World, with a number of iheux it maintains 
relations of mutual co-operation in the way of affording assistance by 
sending rare specimens and furnishing required data in cases of special 
investigations. 

While the result of the policy which has been adopted is the imme- 
diate advancement of knowledge, it tends incidentally to render the 
seat of government a center of scientific activity, which enlarges its 
reputation and extends its influence. Indeed, though Washington has 
generally been regarded as almost exclusively a focus of political 
agitation, it in reality contains a greater number of i)ersons connected 
with scientific operations, and interested in intellectual pursuits, than 
any other city of equal population in this country. In illustration of 
this remark I need only mention the officers of the Engineer Depaitment, 
of the Coast Survey, of the Light-house Board, of the Ordnance Bureau, 
of the army and the navy, of the Patent Office, ^nd of the Agricultural 
Department ; also the computors of the Nautical Almanae, the profes- 
sors of the National Observatory, and those of three colleges, three 
medical schools, a law school, and of an institution for the deaf and 
dumb 5 besides the the directors and assistants of the asylum for the 
insane, two hospitals, and of the various bureaus of the government, 
the gi*eater part of whom are men of more than ordinary culture, on 
many of whom the Institution can call for assistance and co-operation. 

Publications. — ^The Smithsonian publications, as has been frequently 
stated before, are of three classes : the Contributions to Knowledge, the 
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Miscellaneous Collections, and the Annual Reports. The first consists of 
memoirs containing positive additions to science resting on original 
research, and which are principally the result of investigations to which 
the Institution has in some way rendered assistance. In all cases the 
memoirs are submitted to a commission for critical examination, and 
only accepted for publication on a favorable report. The Miscellaneons 
Collections are chiefly composed of works intended to facilitate the 
study of certain branches of natural history or of meteorology, and 
are designed especially to induce individuals to engage in studies as 
specialties, to which in leisure moments their thoughts may recur, and 
by observations and collections in relation td which they may not only 
contribute to their own pleasure but also advance the cause of science. 
The Annual Reports are published at the expense of the government, 
with the exception of the illustrations, which are furnished by the Insti- 
tution. Up to the year 1854 these reports were published in a pamphlet 
form, and contained merely an account of the operations of the Institu- 
tion for the year; but since that date an appendix has been added^ prin- 
cipally consisting of translations; from foreign journals, of articles not 
accessible to the English reader, but of inferest to our meteorological 
observers; and to persons generally who are interested in the progress 
of knowledge. With the addition of this appendix each report forms a 
volume of between 400 and 500 pages, bound in boards, with a cloth 
cover. The first volume of this series contains a reprint of all the pre- 
vious reports of the Secretary, the will of Smithson, and the enactments 
of Congress in regard to the bequest, and hence in the full set of these 
reports a continuous history of the Institution is given from its organiza- 
tion to the present time. The whole number of volumes, including the 
present, is fifteen; of these it is to be regretted that the greater part of the 
extra numbers were destroyed in the fire of 1865. All the reports 
since 1862 have been stereotyped, and the plates of these have been 
preserved. 

During the past year the 15th volume of the Smithsonian Contribu- 
tions to Knowledge has been published, and, in conformity with the rules 
adopted, has been distributed to institutions in this country and abroad. 
The volume contains 604 pages, and is illustrated with 43 woodcuts 
and 17 plates. The several articles contained in this volume which 
were published separately, and an account of which was given in pre- 
vious reports, are as follows : 

1. An investigation of the Orbit of Neptune, with general tables of 
its motion, by Professor Simon Newcomb. 

2. On the fresh-water glacial drift of the jiorthv^estem States, by 
Charles Whittlesey. 

3. Geological researches in China, Mongolia, and Japan, during the 
years 1862 to 1865, by Raphael Pumpelly. 

4. Physical observations in the Arctic seas, by Isaac I. Hayes, M. D. 
Another publication during the year, which is intended to form a part 
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of the 16th volume of the Contributions, is entitled "Eesults of 
meteorological observations at Marietta, Ohio, between 1826 and 1859,'' 
by Dr. S. P. Hildreth. An account of this was given in the last report 
under the head of meteorology, and copies of it have been distributed 
to the meteorological observers. It contains 46 quarto pages, and is 
Dlustrated with 14 woodcuts. 

Several parts of the miscellaneous collections have also been published. 
The first is a catalogue of the Orthoptera or upright winged insects 
of Korth America, described previous to 1867, prepared for the Smith- 
sonian Institution by Samuel H. Scudder, of the Boston Society of Nat- 
ural History. This work is intended as an index in which the student 
can find a reference to every published account of any species of 
Orthoptera found on the continent of North America or in the West 
Indies, together with the exact names given to the insects in the origi- 
nal descriptions. The publication and distribution of this list will assist 
the author himself in obtaining materials for a contemplated elaborate 
monograph on the same subject, while it will tend to advance science 
by calling attention to this interesting but heretofore little studied 
order of insects ; an order which includes, however, among others, the 
•ockroach and the grasshopper — the one so prejudicial to domestic com- 
fort, and the other so often subversive of the hopes of the farmer. The 
preparation of this work is a gratuitous contribution by Mr. Scudder to 
the branch of natural history in which he is specially interested. It con- 
sists of 89 octavo pages, and will form a part of the eighth volume of mis- 
cellaneous collections. 

The next publication of the year 1868 is a volume forming part 
four of a series of monographs of the Diptefa, or two- winged insects 
of North America, by Baron R. Osten Sacken. Parts one and two 
of the same series previously published by the Institution were prepared 
by Dr. H. Loew, of Prussia, and the third part is in an advanced state 
of preparation by the same author. This volume contains the first 
part of a monograph of the North American Tipulidce, the representa- 
tive of which is known as the crane-fly, an insect whose larv® are 
extremely destructive to crops of various kinds, devouring the roots pf 
cereals and pasture grasses, and almost all the plants ordinarily culti- 
vated in fields or gardens. The ground covered by the author in this 
monograph embraces all the known North American species, exclusive 
of those of the West Indies and Mexico. The principal areas from 
which the specimens described have been obtained are the environs of • 
the cities of Washington and of New York, but the author also made 
collections during occasional excursions to different parts of New York, 
Pennsylvania, and New England, besides receiving contributions from 
other parts of this continent. Thus, as far as the more common species 
are concerned, the middle and northern States may be said to be tolera- 
bly well represented in this volume, the regions west of the Allegha- 
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Dies and the British Provinces not so fully, while the country sonth of 
Washington is, in this respect, almost entirely unexplored. The author 
as well as the Institution is indebted to Mr. Samuel Powel, of Newport, 
Bhode Island, an amateur and patron of science, for the devotion of 
much time and practical skill to the preparation of magnified photo- 
graphs of the wings, from which the illustrations presented on the steel 
plates were reduced. Tliis volume contains 345 pages, illustrated with 
four plates and seven woodcuts. 

Among the memoirs accepted for publication, and formerly described, 
is one by Dr. John Dean, giving the results of a series of microscopical 
investigations of the medulla oblongata. This paper was 8tereotyx)ed and 
about to be published as a part of the 13th volume of the Contributions, 
when the expensive steel plates for its illustration were destroyed by 
the fire of 1865. Owing to the absence of Dr. Dean in Europe, a consid- 
erable delay has occurred in procuring a new set of these illustrations. 
The stereotype plates of the letter-press were, fortunately, preserved, 
and we are now ready to publish an edition of the memoir for distribu- 
tion as a part of the 16th volume of the Contributions. 

Since the last report an elaborate work founded principally on original 
research has been presented to the Institution, by Lewis H. Morgan, 
esq., of Rochester, New York. It is on the systems of relationship 
adopted by different races and tribes of men. About 20 years ago the 
author found in use among the Iroquois Indians, of the State of New 
York, a system for the designation and classification of family relationship 
of a singular character and wholly unlike any with which he was previously 
familiar. Under this system, for example, aU the children of the several 
brothers and sisters of an individual are considered as his own children ; 
all the brothers of his father are habitually regarded and addressed as his 
own father; all the sisters of his mother as his mother, &c. Mr. Morgan 
afterwards found the same system in use among other Indian nations, in 
which, while every term of relationship was radically different firom the 
corresponding terms in the Iroquois, the classification was the same. 
Extending the research to other fields of inquiry, he found before the 
close of 1859 that the same system prevailed among the principal Indian 
nations east of the Eocky mountains, and that traces of it existed both in 
the Sandwich Islands and in south India. He therefore resolved to prose- 
cute the investigation upon a still more comprehensive scale, and to 
attempt, if possible, to investigate the systems adopted by the different 
families of mankind. This, however, required a more extensive foreign 
correspondence than a private individual could hope successfully to 
maintain. He therefore made application to the different boards of for- 
eign missions, and also to the Smithsonian Institution, for such co-ope- 
ration in the furtherance of his object as it might be in their power to 
afford. The Institution accordingly issued circulars and schedules, 
which were distributed to its correspondents in all parts of the world. 
Through his own immediate labors and the assistance just mentioned, 
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the author has been able to construct tables of relationship of as many 
as 70 Indian nations, speaking as many independent dialects, and also 
tables of the systems of the principal nations of Europe and Asia, a 
I)ortion of those of Africa, of Central and South America, and of the 
islands of the Pacific. The tabulated schedules will represent the sys- 
tems of relationship of upwards of four- fifths of the entire human family. 

The memoir presents in a brief form the following systems or 
methods of indicating the relations of consanguinity: 1st. That of the 
Aryan family, as typified by the Roman form. 2d. That of the Malayan 
family, as indicated by the Hawaiian mode. 3d. That of the American 
Indian family, as represented by the Seneca-Iroquois. According to the 
author's generalizations all these systems of consanguinity resolve 
themselves into two radically distinct forms, one of which he calls the 
descriptive and the other the classificatory form. The first assumes as 
its fundamental basis the antecedent existence of marriage between sin- 
gle pairs. Before it could have come into existence mankind must 
have made some advances in civilization j it follows the regular course 
of descent, describing each individual with reference to his parental 
derivation. In the second form Ihe relation of consanguinity is only 
given in classes, the same term of consanguinity being applied to a 
number of persons not standing in precisely the same proximity of actual 
relationship. This system, according to the author, seems to indicate 
that it was adopted in a state of society in which marriage between sin- 
gle pairs was unknown or exceptional. This memoir was first referred 
to a commission, consisting of Professor J. II.McIlvaine and Professor 
William Henry Green, of Princeton, New Jersey, who recommended its 
publication, but advised certain changes in the method of presenting 
the subject. After these modifications had been made it was submitted 
to the American Oriental Society and was by it referred to a special 
committee, consisting of Messrs. Hadley, Trumbull, and Whitney, who, 
having critically examined the memoir, reported that it contained a 
series of highly interesting facts which they believed the students of 
philology and ethnology, though they might not accept all the conclu- 
sions of the author, would welcome as valuable contributions to science. 

Besides the foregoing the following papers have been accepted for 
publication and are now in the hands of the printer: 

The Indians of Cape Flattery: by J. (t. Swan; Investigation of the Path 
of a Meteoric Fire-ball: by Professor J. H. Coffin, of Lafayette College; 
Description of a part of a Mummy Case : by Dr. Charles Pickering; Land 
and Fresh-water Shells of North America: by W. G. Binney and Thos. ; 
Bland. 

In addition to the foregoing the discussion and reduction of all the 
observations relative to the rainfall of the north American continent 
have been completed and vdll be published during 1869. The whole 
amount expended duringthe past year for publications was about $6,800. 
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A larger sum, however, will be required for this purpose during the pres- 
ent year. « 

The Smithsonian Institution is now inpossession of a large amount of 
manuscript material relative to the natural history, geology, and ethnology 
of the whole of the northern part of the American continent, extending 
from Labrador to Behring's straits, and northward to the Arctic sea, includ- 
ing Greenland and the vicinity of Von WrangelPs land. These materials 
have been derived principally from special explorations, directed by 
the Smithsonian Institution, and with the co-operation to a greater or 
less extent of the Chicago Academy of Sciences. They have been 
gathered by the officers of the Hudson's Bay Company, at their stations 
in various parts of the northern portion of the continent, by the scien- 
tific corps of the Russian telegraph expedition, and by special explorers 
acting under the immediate auspices of the Institution. That part which 
relates to natural history is now nearly ready for the press, and will 
probably be published during the coming year, while that relative to 
physical geography is in an advanced stage of preparation. This includes 
all the scientific reports made to the Russian telegraph company by its 
employ^, and liberally furnished, by the company or its officers, to the 
Institution. The material also contains a large number of vocabularies 
as well as other information relative to the languages of the country, 
which we hope soon to have in a proper state for publication. All 
these contributions, together with the observations of Kane, McClintock, 
and Hayes, which have been discussed and published by the Institution, 
form no small addition to the knowledge of the Korth American conti- 
nent, and will forever remain a monument of the munificence and a 
memorial of the name of Smithson. 

The annual report for the year 1867 was printed as usual by order of 
Congress, and the extra number of 10,000 copies ordered as heretofore. 
In addition to the report of the secretary, giving an account of the 
operations, expenditures, and condition of the Institution for the year, 
and the proceedings of the Board of Regents to May 2, 1868, it contains 
the following articles: biographical notices of Professor C. C. Jewett, 
formerly librarian of the Institution; of William Henry Harvey, of 
Dublin, author of an extensive work on AJgce, published by the Institu- 
tion; memoirs of Legendre, Peltier, and Faraday; a sketch of the 
history of the 'Royal Institution of Great Britain; a memoir on the 
family Jussieu, and the natural method of classification in botany; the 
natural history of organized bodies; the electrical currents of the earth ; 
considerations and facts relative to electricity; queries about expression 
for anthropological inquiry; the various modes of flight in relation to 
aeronautics; man as the coteraporary of the mammoth and reindeer 
in middle Europe; photo-chemistry; an account of the astronomical 
observations at Dorpat and Poulkova; traces of the early mental con- 
dition of man, account of Indian remains, ancient mounds, &c. ; explora- 
tions in Central America and Lake Winnepeg; sketch of the flora of> 



22 REPORT OF THE SECRETARY. 

Alaska; various letters on meteorology; prize questions of societies in 
Europe; and a Hst of abbreviations used in Englafld at the present time. 
This publication is constantly growing in popularity, and, next to the 
report of the Agricultural Department, no document is in greater demand. 
We may mention, as a proof of this, that a considerable portion of the 
copies allowed the Institution for distribution among its own correspond- 
ents has been absorbed, during the last year, in meeting the application? 
of members of Congress for the supply of their constituents. In com- 
plying with these applications we have never failed to represent that 
a larger edition of the report is highly desirable for distribution, both by 
the Institution and Congi^ess, and that an addition of 5,000 copies to the 
number which has been printed would cost comparatively but a trifle 
after the stereotype plates have been placed upon the cylinder of the 
printing press. 

ExpUyratiom and collections in natural history. — ^Prom the first estab- 
lishment of the Smithsonian Institution until the present time a consid- 
erable portion of its annual resources has been devoted to explorations 
for the development of the natural productions of North and Central 
America, particularly in relation to zoology, botany, and mineralogy. Of 
late years a number of other institutions have entered the same field, 
either independently or in co-operation with this Institution. Foremost 
among those which have made separate explorations is the great museum 
of comparative zoology at Cambridge,, under the direction of Professor 
Agassiz. The late expedition of this renowned naturalist to South 
America has been crowned with a larger collection of specimens in 
zoology than has ever been obtained through the exertions of private 
enteq^rise. Among societies which have co-operated during the past year 
with the Smithsonian, and scarcely in a rank below any other in regard 
to zeal and efficiency, are the Chicago Academy of Science, the Boston 
Society of Natural History, and the Peabody Museum of American 
ArchaBology and Ethnology of Cambridge, Mass., as also the Kentucky 
University of Lexington. In giving an account of what has been done 
durmg the year under review in the line of natural history we shall 
adopt, as in previous reports, the geographical order. ' 

In reference to Arctic America the contributions from Mr. Macfarlane 
and Mr. McDougal of the Mackenzie river district have added largely to 
the materials previously received from that region, and are of special 
interest in regard to Oology. The last .invoice from Mr. Macfarlane is 
fully equal to those with which he has favored the Institution in previous 
years, and entitles him to the credit of being the largest contributor to 
the Smithsonian collections, and of having done more than any othei 
person in making known the productions and character of the regions 
he has explored. The record of specimens bearing his name already 
amounts to over ten thousand entries, including some of the choicest 
contributions to natural history and ethnology. A collection of birds 
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and cj?<?s, including some new species of the latter from west of Lake 
Winnipeg, has been received from Mr. Donald Gunn, and of insects 
and t)irds from the \icinity of Hudson's bay from Mr. James Lockhart 
and Mr. B: R, Ross, to both of whom acknowledgments for valuable 
sei^vices have been frequently rendered in pi:evious reports. 

Mr. W. H. Dall, who was mentioned in the last*report as having sue- 
cecded Mr. Kennicott as chief of the natural history corps of the Russian 
telegraph expedition, remained after the abandonment of that enterprise 
to continue his explorations among the Indians and Esquimaux along the 
Yukon, and within the Arctic Circle, including the most northern part of 
our new possessions. He has just returned and brought with him a valua- 
ble collection of the natural productions, as well as illustrations of the 
ethnology of the regions he has visited. Mr. Dall visited Sitka with 
the telegraph exi)edition, in 1865, then went to the Aleutian islands, 
and afterwards to Plover bay, in Eastern Siberia. He spent the winter 
of 186C in the vicinity of St. Michael's, Norton's sound ; went the next 
spring, with a single companion, to Fort Yukon, near the headwaters of 
the river of the same name, and continued his explorations on either side of 
the Arctic Circle until September, when he returned to Norton's sound to 
report the result of his labors to the engineer-in-chief of the telegraphic 
expedition. But learning that the enterprise had been abandoned, h% 
concluded to remain in the country and continue the exploration on his 
own account. In the prosecution of this purpose he left St. Michael's 
in October, and spent the following wintei" among the Indians and 
Esquimaux, in the region between the Yukon and Norton's sound. In 
the spring he descended the Yukon, and in July commenced his home- 
ward journey. His collections are rich in birds, eggs, plants, smaller 
animals, lish, fossils, and especially in ethnological illustrations. He 
also made copious notes on the physical geography, geology, and meteor- 
ology of the country. The first winter — 18G(>-'G7 — was very cold, the 
thermometer descending, near Nulato, as low as GS^ below zero. The 
second was much warmer; rain fell almost every day, and, with the 
exception of one occasion, the thermometer ranged from 10° below to 
8° or IQo above the freezing i)oint. As if, however, to compensate for 
this, the spring was longer and colder than had been known for 16 pre- 
vious years. The short summers are quite warm, no snow remaining on 
the ground. Rapidly growing vegetables are cultivated by the Russian 
traders, such as turnips, radishes, and lettuce. An attempt to grow 
potatoes failed at St. Michael's, although a similar experiment is said to 
have been successful at Fort Yukon. This part of the country is of no 
value in an agricultural point of view, but aflfords an abundance of rich 
furs. It is thickly wooded in the interior, principally with spruce, pop- 
lar, and willow. Mr. Dall was kindly entertained by the inhabitants, 
who, on all the coasts north of the Aleutian islands and on that of the 
Arctic sea, consist of Esquimaux, while the inhabitants of the interior 
are Indians. C^r^i^n]^ 
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The expenses of original outfit for making collections in natural his- 
tory during the telegraphic expedition were defrayed by the joint 
contributions of this Institution and the Chicago Academy of Science. 
Subsequently the telegraphic company itself made liberal provisions for 
facilitating the same object, and for furthering, as far as compatible 
with the primary intention of the enterprise, the advance of scien(5e. 
The costs of the expedition of Mr. Dall, after he left the service of the tel- 
egraph company, were borne by himself, and tbe results generously pre- 
sented as a contribution to the cause to which he has shown himself so 
lirdently attached. The transportation of all the collections from the west- 
em coast devolved upon the Institution, and but for the generous assist- 
ance of the Pacific Mail Steamshii) Company, it woidd have called for a 
larger outlay than we could well have afforded. Since Mr. DalPs return he 
has occupied a room in the Smithsonian building, and has been engaged 
in arranging and labeling his specimens preparatory to the forma- 
tion of a descriptive catalogue. WhUe he has been occupied in this 
work the Boston Society of Natural History, as well as the Institution, 
has contributed to his support, with the understondiug that the former 
is to have a portion of the duplicates set apart for distribution. 

Other collections of interest have also been received fronj Alaska, viz : 
tjiose made by Mr. Bischoff, at Kodiak ; and by Dr. Minor, in various 
localities visited during the cruise of the Wayanda ; others still, from 
Captain White, of the same steamer; also from Captain Howard and 
Mr. George Davidson, of the United States Coast Survey. 

Western United States. — ^The Institution still continues to receive speci- 
mens from the Pacific coast, and frequent communications relative to the 
physical geography, meteorology, and ethnology of the country. Dur- 
ing the past year among the more important collections from California 
was a series of nests and eggs from Dr. Canfield, of Monterey, and of 
birds and shells from Mr. E. E. C. Stearns. But the most important 
exploration undertaken since the date of the last report has been that 
under the direction of Mr. Clarence King, authorized by Congress for a 
geological survey of the 40th parallel of latitude, principally in Nevada 
and the western portion of Utah. The results of this exploration are 
especially important from the facts obtained relative to the physical 
geography and meteorology of the country. A base line in a north and 
south direction was measured by astronomical observations at the two 
extremities, and from this a net- work of triangles was extended over the 
region surveyed, by which the topography was determined and the 
materials furnished of an accurate map of a part of the country previ- 
ously imperfectly known. The party consisted of four geologists, 
including Mr. King, four topographers, two botanists, one zoologist, and 
one meteorologist. All the specimens collected, tilling 60 boxes, with the 
exception of those of botany, have been received at the Institution, and 
are now in process of being arranged for study and subsequent distribu- 
tion. The botanical collections have been given in charge to Professor 

Digitized by VjOOQIC 



REPORT OF THE SECRETARY. 23 

Eaton, of Yale College, for the determination of the species and their 
relations to the flora of other portions of the United States, but will finally 
be sent to the Institution, to the care of which all specimens collected 
by government expeditious are assigned. In the same connection it may 
be mentioned that Dr. Hitz has continued his explorations on the upper 
Missouri, and contributed specimens of fossils, skins of birds, eggs, &c. 

At the last session of Congress an appropriation was made for explor- 
ations under the direction of the Land Office. This survey, the conduct 
of which was consigned to Dr. F. Y. Hayden, extended over the Black 
hills, Laramie plains, the headwaters of the Little and Big Laramie 
rivers to Bridger^s pass. It also included a survey along the Pacific 
railroad from Fort Saunders to Green river. The report of this survey 
has been made to Joseph S. Wilson, esq., the Commissioner of the Land 
Office, with whom all the specimens collected h^ve been deposited. Dr. 
Hayden, however, made an independent sui vey under the auspices of 
the Institution, along the eastern base of the Eocky mountains to Den- 
ver city, and southward to the Sangre de Christo pass, across the San 
Luis Potosi park and the valley of the Rio Grande, and thence into New 
Mexico, returning northward through the Poncho pass, across the Arkan- 
sas into the South park, and through this into the mining regions of Col- 
orado. Besides the geological notes which were made during this 
exx>edition, a large number of specimens was collected; and as no appro- 
priation of Congress was made for the transportation of the latter, the 
cost has been defrayed by the Institution. The specimens have been 
received and are now awaiting their examination and final disposition. 
Another exploration which will be mentioned under the head of 
ethnology, was conducted by Dr. E. Palmer, in the Indian territory, 
the collections from which were but little less important as illustrative 
of natural history than of Indian life and ethnology. Dr. Palmer is now 
in the Institution assorting the specimens and preparing his notes for 
publication. 

Middle and South America, — Colonel Grayson has been engaged in prose- 
cuting his exploration in northwestern Mexico, and has furnished large 
collections of its ornithology. To him more than to any other may justly 
be ascribed, says Professor Baird, a knowledge of the species of birds ot 
that region. Under the joint auspices of the Smithsonian Institution and 
the Kentucky University, at Lexington, Professor Sumichrast, a well- 
knpwn naturalist long resident in Mexico, has gone to the Isthmus ol 
Tehuantepec to make observations and collections in natural history, 
which will doubtless throw light upon the geographical distribution of spe- 
cies. Two boxes of specimenshave just been received as thefirstfruits of 
this expedition. Dr. Sartorius has also continued his important contribu- 
tions from Mirador. Explorations have been ftirther prosecuted in Costa 
Bica^^a region which has been the subject of much attention on the part 
of the Institution, and a valuable collection of specimens has been 
received from Mr. M. Calleja, made by himself and Mr. J^eledon, as 
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well as contributions from Dr. Von Frantzius, from Captain J. M. Dow, 
Mr. Henry Hague, Mr. George Latimer, Dr. Destruges, and other cor- 
respondents mentioned in the list of donors. A series of birds of the 
G^alapagos islands has been presented by the Swedish Academy of 
Sciences through Professor Sundevall, furnishing us with the first illus- 
trations of the fauna of that group, so remarkable for its land and marine 
animals. Mr. W. H. Hudson has continued to make collections of birds 
in the Argentine provinces, and Mr. Albuquerque and Dr. Smith have 
rendered the same service in regard to those of Brazil. Specimens from 
Peru have been received from Dr. Sclater, while Mr. Salvin has sent 
types of several new species from Veragua, on the isthmus of Panama. 

Explorations and collections in ethnology. — ^During the past year greater 
effort has been made than ever before to collect specimens to illustrate 
the ethnology and archseology of the North American continent. This 
subject, it is true, has from the first been an object of interest to the 
Institution, as being a common ground on which the cultivators of 
science and of literature might harmoniously co-operate. It embraces 
not only the natural history and peculiarities of the different races of 
men as they now exist upon the globe, but also their affiliations, their 
changes in mental and moral development, and also the question of the 
geological epoch of the appearance of man upon the earth. So much 
interest has been awakened in the general subject, that Mr. George Pea- 
body, with an enlightened liberality, has presented $150,000 to Harvard 
University, at Cambridge, for the foundation and maintenance of a 
museum and professorship of American ethnology and archaeology, 
Although the funds of that establishment are not yet fully available, 
measures have been taken, under the direction of Professor JeflWes 
Wyman, to secure European specimens for comparison, and also to com- 
mence the collection of original records of the races of our continent. 
The Smithsonian Institution having inaugurated a number of special 
explorations, embracing ethnology as well as natural history, has 
invited the Peabody museum to co-operate in the enterprises, by con- 
tributing funds, with a view to sharing the results of the expeditions. 
This proposition has been favorably entertained, and an appropriation 
be^n made to assist an important exploration of ancient mounds in 
Kentucky, under the direction of Mr. Sidney S. Lyon. We cherish the 
hope that, as the funds of the Peabody museum become more and more 
available, our union of effort to extensively examine the monuments 
and collect all the relics, to illustrate as fully as possible the archaeology 
and ethnology of the American continent, will be crowned with success/ 

The interest in the archaeological remains of America is by no means 
confined to this country. They are considered of much importance in 
Europe in the way of comparison with those of the old world, and speci- 
mens have been diligently sought for by collectors from abroad. Mr. 
William Blackmore, of Liverpool, in particular, a gentleman of wealth 
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and intelligence who has founded an ethnological miiseom at Salis- 
bury, has made several visits to this country for the purpose of obtain- 
ing additions to his collections. He has purchased of Dr. E. H. Davis, 
for a large sum of money, the archaeological specimens described and 
figured in volume I of the Smithsonian Contributions tq Knowledge. 
Though it may, perhaps, be a matter of regret that Congress did not 
make an appropriation for the purchase of these interesting specimens, 
it is still gratifying to the lovers of science, irrespective of nationality, 
that they will be perpetually preserved and rendered available for the 
advancement of ethnology. While we ourselves were not able to retain 
in this country the originals, we have procured a complete set of fac- 
similes in plaster, which, for general investigation, are nearly as valua- 
ble as tfiose from which they were taken. 

The Institution is indebted to Mr. Blackmore for a series of pho- 
togi'aphs of American Indians; a model of Stonehenge; a number 
of electrotype copies of ancient medals ; and a copy of a work writ- 
ten by Thomas Inman, M. D., for private distribution, on "Ancient 
Faith embodied in Ancient Names.'' Mr. Blackmore is enthusias- 
tically interested in ethnology, and devotes his spare time, as well 
as a large portion of his ample means, to the prosecution of the 
subject. The museum which he has founded and munificently endowed 
consists of specimens intended to illustrate the anthropology of every 
part of the world, and is freely oi>ened to the public, either for casual 
visits or for critical study. An account of it will be given in the appen- 
dix of this report, under the head of ethnology. We have found in Mr. 
Blackmore an eflScient and liberal collaborator, who evinces a disposi- 
tion amply to repay, in returns of specimens and information, the con- 
tributions we may be able to make to the stores he has already accumu- 
lated. In his late visit to this country he thinks he has found speci- 
mens of the early drift period, or of the first indications of the works of 
man on the earth, not previously known to exist on this continent. The 
locality of these remains is about 50 miles from Fort Bridger, in Utah 
Territory, and will not be forgotten as a point of special interest in our 
explorations. 

It is now generally known that, in times long anterior to the dawn of 
authentic history, the practice extensively prevailed of constructing 
human habitations upon wooden piles driven into the shallow water of 
Is^es, remains of which have been found especially in Switzerland, but 
also in other countries. Upon these piles platforms were placed and 
habitations erected, not for temporary occupation, merely? but for pro- 
longed residence. Of these archaeological remains accounts have been 
given in previous reports, and during the past year arrangements have 
been made, through the exchanges of the Institution, to obtain speci- 
mens from the more important localities in which they are foimd. 

The following is an account of the more important explorations and 
additions to the collections of the Institution which have been made 
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during the past year in the line of ethnology. The first in value is that 
already referred to as having been undertaken under the joint auspices of 
the Institution and th« Peabody Museum, by Mr. S. S. Lyon, of Indiana. In 
this exploration a number of mounds in Kentucky were opened, and more 
than fifty perfect crania, with many imperfect ones, and a considerable num- 
ber of skeletons, were procured. There were disinterred also about thirty 
vases more or less perfect, a large number of stone axes, hammers, orna- 
ments, beads, bono awls, &c., the whole filling seven barrels and four 
boxes with extremely valuable material. The crania and bones were 
referred to Dr. Wyman for special investigation, who reports that they 
had been received, that ho had nearly finished cleaning the skulls, which 
would require many repairs, but that he hoped to do justice to a collec- 
tion wliich affords an opportunity never before equaled of examining the 
skulls of American aborigines. Mr. Lyon's exploration has also fur- 
nished a series of ancient implements as well as casts of footprints 
sculptured in the rocks. Imitations of this kind, which have been fre- 
quently found, were for a long time supposed to have been formed by 
the actual impressions of human feet when the rock was in a soft con- 
dition, but subsequent investigations have shown them to be undoubtedly 
sculptured imitations of footprints. They have occasionally been found 
in rocks containing pebbles, but in these cases the pebbles, instead of 
bearing evidence of having been pressed down into a plastic material 
by a human foot, show clearly that they have been cut by the tool of a 
workman. 

Professor J. W. P. Jenks, of Middleboro', Massachusetts, who has for 
many years been collecting objects of ethnology, has, in a spirit of praise- 
worthy liberality, allowed the Institution to select any specimens it 
might desire from his extensive cabinet From the same place, some 
choice objects have also been received from Mr. Sylvester, as well as 
an interesting stone mortar and a stone axe, respectively the gift of Mr. 
E. Shaw and Mr. U. Sampson. Mr. Gregory, of Marblehead, has fur- 
nished some desirable specimens from eastern Massachusetts, as have 
also Mr. Levi Cole, of Beverly, Dr. Palmer, of Ipswich, Mr. Blake, of 
Boston, Mr. Burr, Mrs. Bryaut, Mr. Jas. T. Ames, &c. To Amherst 
College, through Professor Hitchcock, the Institution is indebted for a 
large number of stone implements from western Massachusetts and Con- 
necticut. Explorations of ancient Indian graves were also made, with 
satisfactory results, near Hiugham, Massachusetts, by Professor Baird, 
in coi\j unction with Dr. Brewer, Messrs. John Brewer, T. J. Bouve, F. 
Burr, Gerrish, and Wells. 

To Dr. W. Wood, of East Windsor Hill, Connecticut, the Institution 
is under obligations for his diligent efforts to increase its archaeological 
collections ; a number of boxes have been received from him filled with 
articles illustrative of the primitive stone implements of Connecticut. 
Valued contributions from an adjacent locality have also been received 
fr'om Mr. Andrus. Special contributions of implements preyipusly cpl- 
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lected in Maine, Kew Brunswick, and Pennsylvania, were likewise made 
by Mr. Boardman, Dr. Todd, Mr. Blake, Mr. Haley, Mr. Leonard Pea- 
body, Mr. Hollis, and Mr. J. Hamilton. From Colonel E. Jewett, of 
Utica, the Institution has received an extensive and choice collec- 
tion of relics especially rich in pipes and ornaments, beads, amulets, 
&c., gathered principally in New York and adjacent States. Mr. Robert 
Howell, of Tioga county, New York, has made several interesting con- 
tributions in the same line, and others have been received from the same 
region at the hands of Mr. Stephen Forman and Mr. Jacob Stratton. 
Scarcely inferior in extent and variety to the collection of Mr. Jenks is 
one made by the late Hon. George M. Keim, of Reading, principally in 
central Pennsylvania, but also in Texas and Ohio. In this is found the 
first specimen of a choice flint hoe, similar to that described by Professor 
Rau, in the Smithsonian Report for 1 863, a second specimen of which has 
just been received from Mr. Granville Turner, of Illinois. The collection of 
General Keim was presented to the Institution by his children as a memo- 
rial of their father, and a very large and choice cabinet of minerals has, we 
learn, been given by them to Lehigh University with a similar object^ 
Si)ecimens from western Pennsylvania have been received from Dr. Wal- 
ker. 

The principal donations from the vicinity of Washington have been 
made by Mr. O. N. Bryan, some of which are very choice; by Mr. J. W. 
Slagle, and Mr. Tyler. Specimens from the eastern shore of Virginia 
have been presented by Mr. 0. R. Moore. Mr. W. H. Edwards, of West 
Virginia, has contributed a number of choice articles from the Kanawha 
river and elsewhere, some of them unique. Mr. E. A. Dayton, an 
esteemed correspondent of the Institution, in the course of an extended 
tour through Tennessee and Kentucky last year, took advantage of the 
occasion to gather collections, and. awaken an interest in the subject 
which has resulted in large additions to our cabinet. Our attention 
having been called by Mr. Dayton to a remarkable stone idol found near 
the mouth of a cave at Strawberry Plains, Tennessee, a correspondence 
was entered into with its owner, Captain E. M. Grant, which resulted 
in its being sent to the Institution. The most important collection of 
ethnological material yet received, however, is that presented by Captain 
J. H. Devereux, of Cleveland, Ohio, embracing a large number of nearly 
every variety of ancient stone implements, principally of Tennessee and 
Ohio, among them specimens of pottery of very different patterns 
• from those usually met with. Some of them are remarkable for smooth- 
ness of surfece and symmetry of outline, as well as for the style of orna- 
mentation. We have stated before that a series of casts of the principal 
objects described in the first volume of the Smithsonian Contributions to 
Ejiowledge had been purchased, and it may bo mentioned in this con- 
nection that other articles described in the same volume are in posses- 
son of Mr. W. 8. Vaux, of Philadelphia, who obtained them through the 
purchase of the valuable collection of Mr. James McBride, of phio, whose 
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cabinet was freely open for study to Squier and Davis. From Lieu- 
tenant Belden and Captain Mills, of the United States army, Drs. C. 
O. Gray and Matthews, fine collections of dresses and implements of exist- 
ing tribes of Indians have been received. The most extensive series, 
however, of modern objects of this kind pertaining to the United States, 
and obtained during the year uikler review, is that gathered by Dr. 
Edward Palmer, in the Indian territory, including specimens relating to 
the Comanclios, Kioways, and other neighboring tribes. The collection 
consists of war implements, such as bows, arrows, shields, battle-axes; 
hunting and fishing implements, such as hooks, spears, nets, &c.; a 
large variety of dresses, ornaments, including ear and finger rings, 
breast-plates, &c. ; tobacco-pouches, pipes of various materials, bowls, 
spoons made of wood and horn, a variety of whips, articles used for 
gambling, including packs of cards made of skins, and bundles of sticks 
with which bets are decided, from the manner in which they fall when 
thrown upwards; also floor coverings made of parallel sticks attached 
by sinews; the whole forming very complete illustrations of the manners 
and customs of the tribes before mentione J. 

Some of the most important additions of the year to the stone series 
were included in a collection presented by Dr. Yates, of California. 
This collection embraced, in addition to a number of characteristic 
implements of the natives of California, moulds of those found under the 
lava of Table mountain, and which formed the subject of an animated 
discussion at the meeting of the American Association in Chicago last 
summer. Itis*proposed to make casts from these moulds for distribution 
to the principal museums in this country and abroad. Extensive collec- 
tions were made in Alaska, during the year, by Dr. T. T. Minor, surgeon 
of the United States steamer Wayanda, embi-acing stone articles of supe- 
rior finish. Other objects, to whicU much value is attached, from the 
same region, have been received from Captnin Howard and Captain J. 
W. White; and very extensive collections made by Mr. Dall are on their 
way. Mr. E. Macfarlane and Mr. Strachan Jones have furnished con- 
tinuations of collections previously contributed, in articles relative to the 
Esquimaux of the northern coast of America. Thanks to the co-opera- 
tion of the officers of the Hudson's Bay Company, among whom may be 
mentioned Messrs. Eoss, Gaudet, Hardisty, and Kirkby, but especially 
Macfarlane, the Institution is in possession of what would appear to be 
a full representation of the life of the Esquimaux of that region, as illus- 
trated by their dresses, weapons of war, their implements for fishing and 
the chase, household articles, ornaments, &c. 

In this connection mention should not be omitted of a number of 
interesting stone implements contributed by Mrs. H. R. Schoolcraft, of 
Washington, the widow of the celebrated ethnologist, some of which are 
described in his elaborate work on the Indian tribes of North America. 
Among other articles for which the Institution is indebted to the liber- 
ality of Mrs. Schoolcraft is a cast of the inscription on Dighton Bock, 
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Massacbusetts, sometimes supposed to be of Eunic origin, but wbich, 
like the drawings on the same rock, are generally considered as having 
been made by the primitive Itidian occupants of that region. 

It will have been observed that nearly all the additions to the ethno- 
logical collections referred to, have been from the United States and 
British possessions. Very important donations have, however, been 
received from* other parts of America. Captain J. M. Dow, of New 
York, has presented the Institution with a collection of ancient pottery, 
of stone images and implements from Nicaragua, Costa Kica, and Chiri- 
qui, some of them of remarkable character. Other specimens of Chiriqui 
pottery were included in the collection of Colonel Je wett, already referred 
to. Mr. George A. Latimer, of Porto Eico, has presented remarka- 
ble stone implements of the ancient inhabitants of the West Indies, 
among which is a specimen in the shape of an ellipsoidal stone ring, not 
unlike a horse collar in form, though rather less in size, being about 15 
inches in its largest diameter. It was possibly worn about the neck as 
a badge of oflQce in public processions. From Captain Dow we haVe 
received another wrought stone in the form of a large inverted U. It is 
ooiyectured that it might have been placed across the neck of the 
victim when stretched on the altar of sacrifice. 

The occasion here presents itself of stating that in a communication, 
through the Department of State, from Mr. de Cesnola, United States 
consul at Cyprus, we .were informed that a remarkable discovery of 
Phoenician and Greek antiquities had lately been made in that island, 
and that two boxes of the specimens were in readiness to be transmitted 
to Washington as presents for the National Museum. On the receipt of 
this information a letter was addressed to the Secretary of the Navy, 
asking that, i£ not incompatible with the rules of the' service, some 
United States vessel, being in the vicinity, might be authorized to stop 
at the island and procure the articles above designated. To this letter 
a prompt answer was received from the Navy Department, containing 
the information that orders in accordance with the request had been 
issued to the commander of the Mediterranean squadron. The follow- 
ing are some of the facts in regard to the discovery in question. In the 
month of December, 1867, a Greek laborer, digging for building-stone 
within the precincts of a little village called Galli, found a very old oven- 
shaped tomb, containing pieces of skulls and other bones, and also some 
curious colored vases. On examining the ground a few yards in circuit 
other tombs were found, indicating the existence of an ancient burial- 
site. The discovery was kept secret from the authorities of the 
place, but was disclosed to the foreign consuls on the island, by whom 
the search was prosecuted. The American consul, Mr. Cesnola, obtained 
from the Turkish government at Constantinople a firman allowing him 
to search for antiquities wherever he might desire. With this he suc- 
ceeded in discovering the existence of a series of Phoenician tonlbs 
beneath the ancient Greek burial ground. These tombs, wliich were 
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oven-shaped, with the mouth closed by large stones, were six and a half 
feet below the level of the Greek interments, and from nine to eleven 
feet below the surface of the earth. The articles found in the graves 
and tombs were of gold, silver, precious stones, bronze, copper, glass, 
marble, and terra cotta. The whole collection numbered 2,310 pieces; 
the expense of the digging, $7,300 in gold, was defrayed by an asso- 
ciation composed of the English, French, and American consids, and an 
English banker. We need not say that the safe arrival of the portion 
of these relics intended by Mr. Cesnola for the Smithsonian Institution 
will be looked forward to with much interest. 

But the explorations of the Institution in regard to ethnology have 
not been confined to the contents of mounds or to implements gathered 
from the surface of the ground, or brought to light by casual excavation. 
It is well known that in almost every part of the world contiguous to 
the sea there exist accumulations of shells collected into heaps or 
n^ounds. These mounds were long supposed to have been produced by 
natural causes, but comparatively recent investigations have shown that 
they are the remains of the festal or daily repasts of the ancient inhabit- 
ants. Thus their examination becomes an object of special interest; yet 
nothing had been done in this department of research in our own coun- 
try until lately, when examinations were commenced by Professor Rau 
in New Jersey, Professor Wyman on the coasts of Florida, Maine, and 
Massachusetts, and by gentlemen connected with the Essex Institute, 
(now the Peabody Acailemy of Science,) in the vicinity of Salem, 
Massachusetts. During last summer. Professor Baird, of this Institu- 
tion, after taking part in the Salem exploration, instituted an investiga- 
tion as to the shell-heaps of the coast of New Brunswick. In this 
enterprise he received the voluntary assistance of Mr. G/ A. Boardman, 
Dr. Todd, of St. Stephens, Mr. Josiah Simpson, of St. David's, and Dr. 
Parker, of St. Andrews. They examined several new depositories, which 
yielded unexpectedly large numbers of implements of horn, bone, and 
stone, together with the remains of the animals which had served as food. 
Of this exploration a full account will hereafterbe prepared for publi- 
cation in the report of the Institution. 

Nor yet are lacustrian structures and shell heaps the only sources 
from which a knowledge of the manners and customs of pre-historic times 
may be acquired. The early inhabitants of almost every part of the 
world took advantage of natural caverns as places of shelter, and in 
these have left the indications of their former presence. An examination 
of the deposits of earth on the floors of these caverns, and sometimes 
even beneath the incrustations produced by the evaporation of the water . 
charged with lime, which has dripped from the ceiling, have often dis- 
closed the bones of men, and also artificial implements, mingled with 
the remains of extinct animals. A cave of this kind, in central Penn- 
sylvania, was examined a number of years ago by Professor Baiitl, not 
with a view to the discovery of archaeological remains, but those of the 
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animals which might have inhabited the cavern in previous geological 
periods. The debris which he obtained were carefully preserved, but 
not subjected to a critical examination. The Professor, however, has 
more recently resumed the investigation in the light which new facts 
have shed upon the connection of these caves and their contents with 
the character, the pursuits, and the condition of men in prehistoric 
times. An account of the result of these researches will also, in due 
time, be published. 

The ethnological specimens we have mentioned are not considered as 
mere cariosities collected to excite the wonder of the illiterate, but as 
contributions to the materials from which it will be practicable to recon- 
struct by analogy and strict deduction the history of the past in its rela- 
tion to the present. In the case of the remains of animals and plants, 
from which the geologist reconstructs the flora and fauna of ancient 
times, inferences are drawn from petrifactions, shells, bones and teeth. 
These, however, are not sufficient in the case of anthropology, and, in 
addition to the study of human skeletons and crania, recourse must be 
had to the relics of the works of the men of the past; to the remains of 
their houses, tombs, fortifications, temples, implements, and ornaments, 
in order to determine their relation to th^ races which now inhabit the 
earth. Ethnology, it must be admitted, is at present in an elementary 
condition : in the period through which all science must necessarily 
l>as8 — ^that of the collection of material ; and, consequently, the only 
deductions which can be drawn to-day are principally of a provisional 
character. It is true that the evidences in favor of the greater antiquity 
of the appearance of man on the surface of the earth than has been 
heretofore generally admitted have been accumulating from year to 
year, yet it can scarcely be said with fairness that the question is fully 
settled. Other hypotheses than those which have been advanced may 
be suggested to explain the tacts observed. But, be this as it may, the 
investigation should be prosecuted without regard to preconceived 
views. We may rest satisfied that religion and true science cannot be 
at variance; the one properly understood, and the other rightly inter- 
preted, must agree in final results. In short, we should follow the rule 
laid down by the Bishop of London in a lecture delivered at Edinburg, 
that: "The man of science should go on honestly, patiently, diffidently 
— observing and storing up lys observations and carrying his reasonings 
unflinchingly to their legitimate conclusions, convinced that it would be 
treason to tbe majesty at once of science and of religion if he sought to 
help either by swerving ever so little from the straight line of truth.'' 
Care however must be taken that the provisional h3i)otheses of science 
are not mistaken for absolute truths, and premature attempts be made 
to explain discrepancies between the two great domains of thought, 
which, after all, may arise from partial views of the connection of 
I>beuoniena. 
3s 
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Mmeum^ and care of specimens, — The exhibition rooms, to which the 
public generally have admission, have been limited since the tire to the 
large hall on the first floor of the main building,, and the apartment on 
the same floor in the southern projection, the latter containing ethno- 
logical specimens of a large size, principally from Central America, the 
former, the general collection brought home by the Wilkes Exploring 
Expedition, and the large additions since made to it by the several 
explorations under the direction of officers of the general government. 

It is greatly to be. regretted that in the original plan of the building 
proper attention had not been given to the purposes to which it was to 
be applied. The spacious room, in which the rich collections of ornitho- 
logy and ethnology are contained, presents to the eye a succession of large 
IMllars which obstruct the view of the cases containing the specimens, 
and it is only by a separate examination of the contents of these cases 
that the value of the collections can be duly estimated. In fitting up 
the room of corresponding dimensions in the secondv story, an opportu- 
nity will be afforded of adopting arrangements far better suited for a 
comprehensive display of the vast number of objects with which in time 
it will be furnished. 

During the past year, in addition to the rooms before mentioned, the 
west connecting range has been provided with cases for which the Insti- 
tution is indebted to the Commissioner of Patents, and to which will be 
transferred, in the course of a few weeks, the ethnological specimens from 
China and Japan, a part of which are still in the Patent Office. It is 
. intended to devote the whole of this room to ethnological specimens, 
especially those illustrating the dress of the different inhabitants of North 
America. The west wing of the building, previously occupied by the 
library, is temporarily appropriated to the alcoholic specimens, and to 
such other collections as are not of special interest to the general public; 
it is used also for storing duplicates for distribution. 

For the support of the museum during the last year Congress appro- 
priated $4,000, while the actual expense of the care and preservation of 
the collections, independent of the interest on the cost of the building, 
was upwards of $10,000. If to this be added only $10,000 for the rent 
of the apartments, it will be seen that the cost of the museum to the Insti- 
tution cannot be estimated at less than $20,000 per annum. 

The steady increase in the receipt of specimens has been maintained, 
and has fully equalled in number and value that of any preceding year. 
The diffierent additions were from 186 different parties, and were contained 
ill 308 boxes, 149 bundles, 19 jars and cans, 2 kegs, and 7 casks ; 485 in * 
all, inclosing many thousand specimens, a detailed notice of which will - 
be found in the appendix to this report. It should be remarked that all 
these specimens are not intended to swell the niunber exhibited in the 
national museum, but that only the type specimens of such as are not 
sUready in the collection are to be devoted to this purpose, and the 
remainder made up into sets for distribution. 
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From the large accessions of si)ecimeiis received during the year, much 
labor has been required merely to unpack, arrange, and catalogue them. 
The great importance should be borne in mind of prompt action in regard 
to affixing some i)ermanent mark to each article so as to presevre all the 
data necessary to render it of value as material for scientific research. 
The locality and date of capture of every object of natural history, the 
name of the collector and donor, its association in place with other objects, 
its sex and age, are all points which can rarely be learned from the spe- 
cimen itself and must be immediately recorded. This is done by affixing 
an ineffaceable number to the specimen and making an entry correspond- 
ing to that number in a bound record book kept in a fire-proof room. 
Whenever a specimen admits of it, the items above mentioned are marked 
upon the object itself, but as long as the numbers and records are in 
existence the identity of the article can always be verified and the facts, 
in regard to it ascertained. The determination of the exact name of the 
specimen at the time of entry is a secondary matter, as the specialist can 
at any time ascertain this point from the internal evidence; the other 
data, being entirely those of association, cannot be ascertained in the 
same way. 

Special attention has been given to the large ethnological collections 
belongingtothelnstitution, and considerableprogress been made towards 
their permanent arrangement. The smaller objects, such as pipes, carved 
bones, stone implements, &c., will be mounted as soon as practicable on 
suitable tablets; all the older articles have been washed with a solution 
of carbolic acid, to destroy the mould produced by the water with which 
the building was deluged at the time of the fire, and such of the new ones 
as are liable to attacks from insects have been impregnated with poison. 
Each object of the collection wiU have the name of the donor, locality, &c., 
placed upon it, and the whole series will be completely arranged for 
study and exhibition during the present year. The principal work in 
this branch has been done under the direction of Prof. Baird, by Dr. E. 
Foreman and Dr. E. Palmer. 

Other objects that have received attention in the way of rearrange- 
ment and improvement are those of human and other crania, shells, 
mounted birds, nests and eggs, &c., in which labor Professor Baird has 
been assisted by Dr. T M. Brewer, Dr. William Stimpson, Dr. E. Foreman, 
Mr. W. H. Dall, Mr. Zeledon, and Mr. E. Ridgway. 

Among the most interesting collections received from abroad, in return 
for specimens presented by the Institution, may be mentioned a series 
of minerals and rocks from the E. Ober-Berg Amt, of Breslau, and a 
skeleton of the moose of Europe, from the zoological museum, Copenha- 
geiL. The latter will furnish the means of comparing the European va- 
riety with the closely allied if not identical moose of northern America, 
Of the Kving animals received from different parts of this country, it will 
suffice to mention a golden eagle, from Professor H. Shimer ; a number of 
menoiK)mas from Dr. Walker; gopher turtles from Dr. Wilson; and a 
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Eocky mountain salamander from Mr. J. C. Brevoort. It will be recol- 
lected that tbe living animals of a larger size heretofore presented to 
the Institution have been transferred to the National Asylum for the 
Insane, under the care of Dr. Nichols. 

Distribution of specimens. — ^The distribution of duplicate specimens to 
public museums and in exchange has been prosecuted as extensively 
during the year as was compatible with the large additions continually 
coming in and requiring immediate attention. The surplus material of 
plants, shells, minerals, and fossils has been, however, to a considerable 
extent, made up into sets, and supplied as far as they would go to the 
parties having the first claim. Other collections, however, will be ready 
for similar distribution as soon as the investigations connected with them 
and their arrangement into sets can be completed. The great amount 
of labor required for this wiU be evident when it is recollected that every 
specimen sent out is numbered and accompanied by a label giving the 
name, locality, and donor. Professor Baird, who has the special charge 
of this branch of the operations, has been assisted in his labors by a 
number of young gentlemen, who having been engaged during the sum- 
mer in explorations, avail themselvQS in the winter season of the facili- 
ties of the library, the collections, and apartments furnished by the Insti- 
tution to prepare their reports for publication. Those who are at present 
rendering service of the kind above mentioned are Messrs. Meek, Dall, 
Palmer, Zeledon, Bannister, and Eidgway. 

Agreeably to the resolutions adopted by the Board of Regents at its last 
session, that " the distribution of specimens to foreign establishments, car- 
ried on by the Smithsonian Institution, be continued and extended, but 
that at the same time proper returns be required," we have applied to 
the leading foreign museums which have been favored by our contribu- 
tions for desiderata especially needed in this country, and have the assur- 
ance that in due time viduable collections wiU be transmitted to us from 
all parts of the world. 

Among the establishments to which application has thus been made 
and a favorable response received, are: The British Museum and Eoyal 
College of Surgeons, London 5 ArchseologicalMuseum, Zurich; PublicMu- 
seum, Berne ; Museum of Lausanne ; Academy of Sciences, and Botanical 
Garden, St. Petersburg; Eoyal Museum, Lisbon; Ethnological Museum, 
Moscow; Ethnological Museum of University of Christiania; Zoological 
Museum, Copenhagen; Zoological Museum of University of Berlin; 
Academy of Sciences and National Museum of Antiquity, Stockholm; 
Imperial Geological Institute, Vienna; University of Chile; Philosophical 
Society, Leeds; Ethnological Museum, Paris; Melbourne Museum, Aus- 
tralia. 

Investigations. — ^It has always been the policy of the Institution to fumisli 
specimens for special study and investigation to naturalists of established 
reputation, either in this country or abroad. The use of these specimen^ is 
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granted under the express condition that they are to form the subject of 
investigation, the results of which are to be published by the Institution 
or some other establishment, and that in all cases full credit is to be 
given to the Institution for the assistance it has rendered. Furthermore, 
in the case of the preparation of a monograph, a full set of the type 
specimens, correctly labeled, is to be put aside for the National Museum, 
and the remainder of the sx>ecimens made up into sets for distribution. 
The following list presents the more important cases of the loan or 
assignment of materials during the past year. Some of the specimens 
have already been returned, while the remainder are still in the hands 
of the parties to whom they were intrusted: 

Crania of the recent and fossil bison, musk ox, &c., to Professor L. 
Agassiz, of Cambridge, Mass. ; land shells of Central and South America 
to Thomas Bland, of Kew York; land and fresh water shells of North 
America to W. G. Binney, Burlington, N. J.; nests and eggs of North 
American birds to Dr. T. M. Brewer, Boston ; birds of South America and 
Alaska to John Cassin, Philadelphia; Alcadae of North America to Dr. 
Elliott Coues, United States army; collections of American and foreign 
reptiles to Professor E. D. Cope, Philadelphia; fungi from the Indian 
territory to the Eev- M. A. Curtis, Hillsborough, N. C. ; unfigured species 
of North American birds to D. G. Elliott, New York; diatomaceous 
earths and deep-sea soundings to Arthur M.Edwards, New York; Lep- 
idoptera from various North American localities to W. H. Edwards, 
Coalburg, Va.; seeds of Boehmeria, received from the Department of 
Agriculture, to Dr. Earl Flint, Nicaragua; plants colloctM in Ecuador 
by the expedition under Professor Orton to Dr. Asa Gray, Cambridge ; 
miscellaneousspecimensof North American insects to Professor T. Glover, 
Department of Agriculture, Washington; general collection of birds of 
Costa Eica and Yucatan to George N. Lawrence, New York; American 
UnionidsB to Isaac Lea, Philadelphia; series of North American salaman- 
ders to St. George Mivart, London; American Diptera to Baron R. 
Ostensacken, New York; Lepidoptera of Ecuador and Yucatan to Tryon 
Eeakirt, Philadelphia; plants collected in Alaska by various expedi- 
tions to Dr. J. T. Rothrock, McVeytown, Pa.; birds of Buenos Ayres, 
received from W. n. Hudson, and a series of small American owls, to 
Dr. P. L. Sclater and Osbert Salvin, London ; miscellaneous collections of 
American Orthoptera to S. H. Scudder, Boston; collections of American 
Hemiptera to P. E. Uhler, Baltimore ; American myriapods and spiders 
to Dr. H. C. Wood, Philadelphia; human crania from northwestern 
America and the ancient mounds of Kentucky, also collections from the 
ancient shell-heaps of Massachusetts and New Brunswick, to Dr. Jeffreys 
Wyman, Cambridge. 

Few persons are aware of the great extent to which this Smithsonian 
material has been used by American and foreign naturalists, or the 
number of new facta and new species which have been contributed to 
natural history through its means. A complete bibliogmi)by of the titles 
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of the various books and memoirs containing in part or entire the 
results of these examinations, with lists of the new species, would form 
a large volume. Among the published results of the examination of the 
materials furnished by the Institution during the last year may be 
mentioned the following: 

A monograph of the Alcadse, by Dr. E. Coues, in the Proceedings of 
the Philadelphia Academy of Natural Sciences; various horpetological 
papers in the same Proceedings, by Professor E. D. Cope; jiortions 
of various fasciculi of his work on North American birds, by D. 
G. Elliott; monograph of the North American Lepidoptera, by W. 
H. Edwards; catalogue of the birds of Costa Rica in the museum 
of the Smithsonian Institution, and some special papers in the annals of 
the New York Lyceum of Natural History and the Proceedings of the 
Philadelphia Academy, by Gkorge N. Lawrence; paper on the Unionidse 
in Proceedings Philadelphia Academy, by Isaac Lea ; monograph of the 
North American Diptera, Part IV, by Baron K. OstensacTcen, pub- 
lished by the Smithsonian Institution; catalogue of Alaskan plants in 
the Report of the Smithsonian Institution for 1867, by Dr. J. T. Rothrock; 
list of birds sent from Buenos Ayres to the Smithsonian Institution, and 
other papers, in the Proceedings of the Zoological Society of Loudon, by 
Dr. P. L. Sclater and O. Salvin ; " on crania of Tschuktchi and Esquimaux 
tribes," by Professor J. Wyman, in the Proceedings of the Boston Society 
of Natural History. In all these cases full credit is given for the aid 
which has been afforded by the Institution. 

The Secretary, during the past year, has given a large amount of 
thought and labor to investigations relative to light and sound as aids 
to navigation, in connection with his duty as one of the members of the 
United States Light-house Board. He has also, in his connection with 
the National Academy of Sciences, devoted nearly all his time, for the 
splice of two months, to investigations relative to the proper form of 
meters for gauging the quantity of proof spirits produced by distilleries, 
in order to determine the amount of tax to be paid to the government. 

Professor Baird has continued his investigations relative to the birds 
of North America, especially those of Alaska, the result of which has been 
the addition of fifteen species to those previously known to exist in this 
country. He has also edited a report by Dr. Cooper on the birds of 
California, for the geological survey of that State under Professor J. D. 
Whitney, and is now engaged in the preparation of a new manual of the 
ornithology of the United States. This work, which is to be illustrated 
by numerous engravings on wood, will be published by Little & Brown, 
of Boston, in the course of next year. 

IJxchanges. — The cost of the international system of exchanges in the 
transportation of books and specimens is constantly increasing; and 
now forms no inconsiderable part of the annual expenditures. Were it 
not for the liberality of various companies, we should be ^^V^^^^^P^i^- 
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tinue the system, at least in its present dimensions ; and we embrace 
this occasion again to express acknowledgments for the efficient aid 
thus I'endered to the cause of science and to the promotion of kindly 
feeling between the United States and the other nations of the world. 
The following are the companies to which special thanks are due, 
pamely, The Pacific Mail Steamship Company, North German Lloyd* 
Hamburg American Steamship Company, General Transatlantic Steam- 
ship Company, Pacific Steam Navigation Company, Inman Steamship 
Company, Cunard Steamship Company, California and Mexico Steam- 
ship Company, and Panama Bailroad Company. To this list must be 
added several other lines which have granted similar facilities during 
the past year, namely, the Mexican Steamship Company, Union Pacific 
Railroad, United States and Brazil Steamship Company, North German 
Lloyd, (Baltimore line,) and the Atlantic Mail Steamship Company. 

Acknowledgments are also due for favors rendered in connection with 
foreign exchanges to E. J. Davison, esq., Argentine consul; Jos6 I. San- 
chez, esq., consul of Venezuela; Senor B. Blanco, consul-general of Gua- 
temala; L. H. J. d'Aguiar, consul-general of Brazil; R. C. Burlage, con- 
sul-general of Netherlands; Hon. E. Gutierez, minister from Costa Eica; 
to the American Boai'd of Commissioners of Foreign Missions ; Real Socie- 
dad Economica, Havana; Board of Foreign Missions, New York; Amer- 
ican Colonization Society, Washington ; Society of Geography and Sta- 
tistics, Mexico; University of Chili; Bataviaasche Genootschap, Java; 
Institute of History, Geography, and Ethnology, of Rio Janeiro. 

The Institution frequently receives applications from foreign govern- 
ments and societies for official publications of the States or general gov- 
ernment relative to certain branches of political economy, statistics, 
education, &c. During the last year a request of this kind was received 
from the Belgian government, desiring us to procure all the publications 
of the States in regard to public schools. In answer to our circular ask- 
ing for these documents, a large and valuable collection was received, 
for which the thanks of the Institution were returned to the following 
persons, namely: to A. Rogers, second auditor of Virginia; T. Jordan, 
secretary of state, Pennsylvania; S. C. Jackson, assistant secretary 
Board of Education, Massachusetts; J. A. Morris, school commissioner, 
Ohio ; N. Bateman, superintendent education, Illinois ; C. J. Hoadley, 
state librarian, Connecticut; F. Rodman, secretary of state, Missouri; 
R. A. Barker, secretary of state, Kansas; Ed. Wright, secretary oi 
state, Iowa; C. W.Wright, secretary of state, Delaware; J. E. Tenney, 
secretary of state, Michigan ; and the secretary of state, Wisconsin. 

Another application of a similar character was received from the gov- 
ernment of Norway for the publications of the United States relative to 
military affairs, which, on being referred to the heads of departments 
and bureaus, secured a large number of the desired publications. Ac- 
knowledgihents for these favors are due to General E. D. Townsend, 
adjutant general; General A. A. Humphreys, chief engineer United 
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States army; Surgeon General Barnes; Paymaster General Brice; Gen- 
eral Dyer, chief of ordnance ; Commodore Jenkins, chief of bureau of 
ordnance and hydrography, Navy Department; General Myer, chief 
signal officer. 

For official co-operation with the Institution in its various plans for 
the promotion of knowledge and important assistance rendered, besides 
the foregoing, we may mention Hon. William H. Seward, Secretary of 
State; Hon. Hugh McCulloch, Secretary of the Treasury; Hon. Horace 
Capron, Commissioner of Agriculture ; General Meigs, Quartermaster 
General; IVIr. Six>lford, libraiian of Congress; Professor J. H. C. Coffin, 
superintendent Nautical Almanac; and Commodore Sands, of the Na- 
tional Observatory. 

In 1867 a proposition was made to the Institution by the librarian of 
Congress relative to establishing and conducting a system of exchange 
of official documents between the government of the United States and 
those of other natious. In accordance with this, a circular was addressed 
to the difterent governments having relations with the United States for 
the purpose of ascertaining their views as to such an exchange. In 
every case the proposition was regarded with favor, and at the ensuing 
session of Congress an act was passed directing that 50 full sets of all 
documents published at the Government Printing Office should be set 
apart for the purpose in question, and appropriating a sufficient sum 
to defray the necessary expenses. Unfortunately, however. Congress 
neglected to direct the public printer to strike oft* the necessary copies 
for this purpose, in addition to the regular number previously required 
for the use of the government, and it was not until recently that the 
nex^ssary legislation was procured to remedy this omission. As soon 
as the printing of the documents of the present session of Congress is 
completed, the exchange proposed will be initiated. In anticipation of 
the receipt of the annual supply of the documents of our government, 
several large packages containing documents of foreign countries have 
been already received. 

At the commencement of the system of international exchanges, great 
delay and considerable expense wxre incurred in consequence of custom- 
house requirements and tariff duties, but as the importai: :^e of the system 
became more evident, and the reputation of the Institution better estab- 
lished, one government after another consented to the entrance of pack- 
ages without examination and free of all restrictions, until at the present 
time there is no exception to this practice. 

The first effi)rt towards the establishment of this desirable condition 
of free intercourse was made in 1852, through Sir Henry Bulwer, then 
minister from Great Britain to the United States. Through his recom- 
mendations the British authorities at first permitted the entry of such 
books from the Institution intended as presents to learned bodies as 
might be recommended for that privilege by the Royal Society V)f London. 
This, though an important concession, was still attended with consider- 
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able delay, and on further solicitation the rule was so relaxed that at 
present the Smithsonian agent finds no difficulty in obtaining the pas- 
sage of the packages at a mere nominal charge through the custom-house. 
With the precedent of the British authorities the Institution experienced 
no difficulty in making a satisfactory arrangement with the French offi- 
cers of customs, trackages for Germany and central Europe, addressed 
to our agent, Dr. Flugel, are entered at Bremen or Hamburg, then 
transferred to the Leipsic custom-house, from which they are released 
on the formal application of the agent to the authorities of the Zol- 
verein. Parcels for Belgium and Holland are entered at Amsterdam, 
which is a free port. Those for Italy are entered at Genoa, which is 
also a port of free entry. In all cases of transmission of packages an 
invoice of the contents is gent to the agent, which serves as the basis of 
his application for remission of duties and charges. 

Library, — ^The works which have been received from all parts of the 
world in return for the Smithsonian publications, after being recorded 
at the Institution, have been transferred to the national library in ac-* 
eordance with the rules given in former reports. They are there under 
the care of an accomplished librarian and a corps of able assistants, 
accessible to all persons who desire to consult them, during every week- 
day of the whole year, with the exception of a month in summer. The 
transfer of the library of the Institution still continues to be approved 
by all who hav^ attentively considered the advantages it affords to the 
Institution, the government and the public. It has relieved the Smith- 
son fund of a serious burden in the cost of binding and cataloguing the 
books, in the pay of a librarian and his assistants, and in the expense 
of the maintenance of a separate establishment. It has enriched the 
library of Congress with a class of valuable works which could scarcely 
be procured by purchase, and it has facilitated the use of the books by 
collecting them in one locality, under the same system, readily accessible 
to the public. Some special works required for immediate use are still 
occasionally purchased, and besides these a working library is retained 
at the Institution, principally, however, of duplicate volumes, while such 
series as are needed for special investigation are brought back for the 
purpose. The care of these and the co^t of those purchased make up 
the small expenditure given in the report of the executive committee 
nnder the head of the library. 

The Library of Congress, or, as we think it should now be denomina- 
ted, the " National Library,'^ contains about 180,000 volumes, exclusive 
of unbound pamphlets and periodicals, and is rapidly increasing, the 
accessions during the year ending December 1, 1868, according to the 
report of Mr. SpoflFord, the librarian, amounting to 8,498. This library 
is emphatically a library of progress, for while it continues to increase 
by purchase in its own series of standard works of all times, its addi- 
tions, through the contributions to it of the Institution, inclu4e the trans- 
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actions of the principal learned societies of the world, or the works 
which mark more definitely than any other publications the actual 
advance of the age in higher civilization. 

An idea has, in some cases, been entertained abroad that the Institu- 
tion, since the transfer of the library, no longer desires to receive books, 
but measures have been taken to counteract this impression and to assure 
Societies and other correspondents that no change in this respect has 
taken place in the policy of the Institution, and that books on all subjects 
are still desired both for its own collections and forpresenttition to other 
establishments in this country. 

The following is a statement of the books, maps, and charts received 
by exchange in 1868 : 

Volumes: 

Octavo 1,316 

Quarto 394 

Folio 60 

1,770 

■ Parts of volumes and pamphlets: 

Octavo , 2,565 

Quarto 701 

Polio 279 

3,605 

Maps and charts 134 

Total receipts 5,509 

The following are some of the larger donations received in 1868: 

From the Eoyal Northern University, Christiania, 24 volumes and 27 
pamphlets. 

The Eoyal Society of Northern Antiquaries, Copenhagen, 9 volumes 
and 8 pamphlets. 

The Imperial Academy of Sciences, St Petersburg, 25 volumes and 27 
pamphlets. 

From His Majesty the King of Prussia, " Kunstdenkmaler des christ- 
Mchen Mittelalter in den Eheinlanden,'' 1st part, vol. iii. "Preussen's 
Schlosser und Eesidenzen, von A. Duucker," vol. ix, and " Scriptores 
Eerum Prussicarum,"- vol, iii;. all in continuation of works previously 
sent. 

The Hungarian Academy of Sciences, Pesth, 51 volumes and 178 
pamphlets. 

The Ducal Library, Oldenburg, 34 volumes, consisting of a series of 
state calendars and other statistical works. 

From J. G. Cotta, Augsburg, 11 volumes : 

From H. De Saussure, Geneva, 10 volumes and 13 pamphlets: 

From the Chamber of Commerce, Bordeaux, 7 volumes : 

The Soci6t6 Imp. des Sciences, de I'Agricultureet des Arts, Lille, 12 
volumes of "Memoires :" 

Digitized by VjOOQIC 



EEPORT OP THE SECRETARY. 43 

The 8oci6t6 d'encoaragement i>oaT I'lndustrie Nationale^ Paris, . 14 
volames " Balletiii : ^ ^. 

The Soci^t^ Imperiale et Centrale d'Agriculture, Paris, 26 volumes 
" Memoires," 12 volumes "BuUetiu.'' 

From the Museum de Douai, 11 volumes aud 15 pamphlets : consisting 
principally of transactions and proceedings of societies. 

National Library, Madrid, 12 volumes and 16 pamphlets. 

The Meteorological Office, London, 6 volumes, 37 pamphlets, and 16 
charts. 

The Hydrographic Office, London, 6 volumes, 10 pamphlets, and 43 
charts, giving the results of the latest maritime surveys. 

From the National Library of Greece, Athens, 112 volumes and 39 
pamphlets, principally on the philosophy and literature of ancient Greece. 

Thomason College of Civil Engineering, Eourkee, 13 volumes and 44 
pamphlets. 

Eoyal Asiatic Society (North China branch) Shanghai, 4 volumes 
** Journal.'' 

Library of Parliament, Melbourne, 10 volumes and 14 pamphlets. 

Real Sociedad Economica de la Habana, 630 volumes, 13 pamphlets, 
and 1 chart. 

University and Government of Chili, Santiago, 58 volumes, 13 pam- 
phlets, and 30 charts. 

Massachusetts State Library, 11 volumes. 

Ohio State Library, 10 volumes. 

Vermont State Library, 11 volumes. 

But, perhaps one of the most interesting contributions is a work rela- 
tive to history and philology published in folio parts of fac-similes of the 
national manuscripts of England, presented by Right Honorable the Sec- 
retary of State for War. These fac-similes are executed with minute pre- 
cision as to accuracy, by the photozincographic process, under the direc- 
tion of Colonel H. James of the ordnance department. The series includes 
documents belonging to each reign, from William the Conqueror to 
Queen Anne, arranged chronologically so as to illustrate the changes 
in the handwriting, and the language of different periods of English 
history. A translation is given of each document into modem English, 
together with a short account of its history. The first volume extends 
from William the Conqueror to Henry VII, and includes autographs of 
each sovereign, beginning with that of Richard II, and of many princes, 
prelates and nobles, whose names have become famous in history. 
Among the number are a series during the reign of Richard III, and 
several from the king himself. 

The second part is made up of fac-similes selected from the public 
records of the reigns of Henry VIII and Edward VI. Among them 
are holograph letters, and autographs of Henry VIII, Queen Catharine 
of Aragon, Cardinal Wolsey, the Emperor Charles V, Anne Boleyn, 
Archbishop Cranmer, Queen Catharine Parr, Ann of Cleves, &c. The 
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third part contains facsimiles of state papers, royal letters, and other 
documents, both public and private, belonging to the reigns of Queen 
Mary and Queen Elizabeth. Among those of the former are auto- 
graphs of her Majesty and of her cousin and rival. Lady Jane Grey, holo- 
graphs and autographs of King Henry the Second, of France, the King of 
Hungary Cosmo de Medici, the Lady Elizabeth of England, Thomas Gres- 
ham, Roger Ascham, &c. Among those of the reign of Queen Elizabeth, 
besides those from herself, are letters of Mary Queen of Scots and her 
husband Both well, and of the most distinguished nobles of Scotland ; 
of John Knox, Sir Humphrey Gilbert, James VI of Scotland, Sir 
Francis Vere, Sir Walter Raleigh, and other celebrated personages. The 
exaggerated terms of courtesy which were in use among eminent per- 
sonages at that period are illustrated by several examples in this vol- 
ume. The publication of the fac-similes of these valuable and interest- 
ing documents is to be continued, and we learn from the preface that 
similar fac-similes of the national manuscripts of Scotland have been 
undertaken, and those of Ireland recommended. 

It may be proper to recall the fact that the library of Smithson, or so 
much of it as was received by the Institution, with his personal effects, 
was not destroyed by the fire, and has been placed in a suitable case for 
permanent preservation. 

Mr. Theodore Gill, who was formerly assistant in the library of tho 
Institution, has been appointed one of the principal assistants in the 
national library, but he still continues his investigations in natural his- 
tory at the Institution, and acts as the intermediate agent between the 
two establishments. Miss Jane Turner, who vindicates by her accuracy 
and ellicieucy the propriety of employing her sex in some of the depart- 
ments of government, still continues to register the books as they are 
received through the extended system of international exchange. 

Oallery of Art — The original act of Congress organizing the Institu- 
tion directed that, in addition to the support of a museum, library, &c., 
provision should also be made for a gallery of art. In compliance with 
this direction a commencement was made by the purchase of a series of 
valuable engravings, illustrative of the progress of the art from the 
earliest times, and also a series of Indian portraits was received on 
deposit. With %tliese and a number of plaster casts of distinguished 
individuals, principally donations, a collection of articles was formed to 
which the name of a gallery of art was given. The Indian portraits, 
which had been deposited by the author, Mr. Stanley, together with a 
series of portraits also of Indians, belonging to the government, were 
destroyed by the fire. Fortunately the engravings, with few exceptions, 
were saved, and are now deposited with the books in the library of Con- 
gress. It was evident, however, that the proportion of the JSmithson 
fuad which could be devoted to the purchase of specimens of art worthy 
of* preservation in a public gallery at the seat of government was far too 
small to do anything of importance in this line. It was therefore with 
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frratification that the Eegents learned that a citizen of Washington, 
William W. Corcoran, esq., with an enlightened liberality, commensurate 
only with his means, had resolved to found an institution exclusively 
devoted to art. This design, which would otherwise have long since been 
fully carried out, was interrupted by the war. The large building which 
Mr. CJorcoran had erected for the purpose was found necessary by the 
government for the use of the Quartermaster General and is still retained 
in possession of that officer. As soon as possession of it is restored to 
Mr. Corcoran, which it is believed will be done in the course of the 
present year, it, together with a liberal endowment equal in amount to 
the original fund of Smithson, will be given in charge to a board of trus- 
tees, who will immediately proceed to carry out the views of the generous 
founder. In accordance with the policy which the Institution has 
adopted in regard to the library of Congress, the Agricultural Depart- 
ment, and the Army Medical Museum, it will probably be considered 
advisable to enter also into friendly eo-oi>eration with this new establish- 
ment, and instead of attempting to support a separate gallery of art to 
tvn over to it the articles which have already been collected, and thereby 
increase the space in the Smithsonian building for articles of natural 
history and ethnology. 

ifeteorology. — ^It was stated in the last report that with the dimin- 
ished expenditure on the building, and the larger amount which could 
be appropriated to the active operations of the Institution, the reduction 
and discussion of the meteorological material which had been collected 
for 20 years would be resumed, and that we had commenced upon the 
rain-fall of the North American continent. Observations relative to this 
subject from upwards of 1,200 localities were placed in the hands of 
the computers. This work has been completed under the direction of 
Mr. Charles A. Schott, and will be put to press as soon as the illustra- 
tions are engraved. We are confident it will be considered by all who 
are competent to prop^erly estimate its value, as one of the most import- 
ant additions to the climatology of North America and the agricultural 
interests of the community which has ever been made. The same com- 
puters are now engaged upon the large amount of material relative to 
temperature, but the reduction and discussion of these will require more 
time than that which has been devoted to the rain-fall. It is estimated, 
however, that at the rate at which the work is now going on, it will be 
completed in the course of the next year. 

The discussion of all the observations relative to the winds has been 
resumed under the direction of Professor J. H. Coffin, of Lafayette Col- 
lege, Pennsylvania, and will be prosecuted with as much rapidity as the 
nature of the subject, and the assistance afforded him, will permit. 

All the more important meteorological observations which have been 
collected at the Institution during the last 20 years, are now in process 
of reduction, and when completed and the results published, we think 
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they will folly justify the expenditure of the Smithson fund which has 
been devoted to this subject. 

The importance of a thorough knowledge of the climate of a country 
in relation to the well-being of the inhabitants can scarcely be over- 
estimated. The character of the animal and vegetable productions of 
any part of the world mainly depends on the climate, and if, as in 
geological periods, we suppose this in any case to undergo a change, 
wo are certain, from the operation of general laws, that the fauna and 
flora of the region will undergo a corresponding change. It is true that 
civilized man has in a degree, through science, the power of resisting 
the influence of climate to which his race has not been long subjected, 
yet if sufficient time be allowed for the weather to produce its effect, 
marked peculiarities of physical constitution and even mentiil charac- 
teristics will eventually be produced, though these will be somewhat 
modified by the artificial conditions which have been introduced. Even 
a difference in the degree of moisture of the atmosphere has been shown 
by a critical observer to induce marked changes in the manners and 
customs of Europeans in their emigration to this country. 

The average temperature and moisture of each region, as well as the 
periodical fluctuations to which these elements are subjected, are essen- 
tial data on which to base the choice of special objects of culture and to 
estimate the probable results as to success or failure in a given number 
of years. It is a fact to which the statesman and the intelligent 
farmer cannot be too much alive, that the great material prosperity of 
this country in the past has been due to the large quantity of fertilizing 
material originally in the soil, and that this has been exhausted to a far 
greater extent than is generally supposed. It is well known that the 
same soil which in the eastern States originally yielded 30, and in some 
cases 40 or 50 bushels of wheat to an acre, now produces but eight or 
ten. From a late estimate by the Commissioner of Agriculture the 
average yield of the whole United States is less than 12 bushels, while 
that of Great Britain is 28 ; the great excess of the latter over the for- 
mer must be mainly due to the improved methods of agriculture. Indeed 
with the large extent of virgin soil in this country, producing sponta- 
neously rich harvests, with the expenditure of a minimum amount of 
labor, we have had comparatively little necessity to adopt methods of 
scientific agl'iculture, but we have now arrived at the condition in which 
every year a new demwd will be made for the application of knowledge 
and skill of this kind, and for all the light which can be shed upon the 
subject by meteorology, chemistry, physiology, and other branches of 
science. 

It will be remembered that the meteorological system of the Smith- 
sonian Institution was in a considerable degree interrupted, particularly in 
the southern States, on account of the late war. We have, however, during 
the past year succeeded in obtaining a number of copies of registers 
which were continued with but little intemiption througly-the whole 
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period of the disturbance, and have also supplied a deficiency occasioned 
by the loss of the registers of 1860 in the fire which occuned at the 
Institution in 18C5. For the purpose of exhibiting the extent of the 
material in possession of the Institution, and to give credit to the faith- 
ful and persevering observers who have so long gratuitously ftirnished 
contributions to this branch, of science, there is given in the appendix to 
this report a full list of all the observers and of all the stations where 
records have been made fix)m the beginning of the year 1.849 to the end 
of 1868. The whole number of observers at present reporting to the Insti- 
tution is about 400 ; of these 74 are furnished with full sets of instru- 
ments. The number of observers under the direction of the army is 
upwards of 100, of whom 50 are supplied with standard barometers and 
other compared instruments. With this combined system, interspersed 
with full sets of standard instruments, trustworthy data is obtained for 
determiping the general climatology of the country. It is true that 
many of the instruments in use are not as perfect as could be desired, 
yet they serve to indicate differences in the elements, and thus afford 
the data for tracing the progress, as it were, of waves of atmospheric 
pressure, and also of waves of changes in atmospheric temi>erature. 

Anticipating the important benefits which may result to our system 
of meteorological observations, particularly to those which relate to the 
prediction of storms on the Atiantic coast, we look forward with much 
interest to the completion of the Pacific railway. A well equipped 
physical observatory placed at the highest point of the road, namely, 
" Sherman's station,'' is very desirable, and we think it probable thai 
assistance from the railway company may be obtained to establish and 
support an observatory of this character. 

During the past year a large number of rain gauges of a simple form, 
such as were mentioned in the last report, have been procured and dis- 
tributed to observers in various parts of the country. This gauge con- 
sists of a hollow cylinder of tinned iron 2J inches in diameter, and 12 
inches in height, coated inside and out with varnish to prevent rusting. 
The depth of rain is measured by inserting a graduated scale into the 
gauge, and noting the height to which it has been wetted, in tenths and 
parts of tenths of an inch. The quantity of water in a fall of snow is 
measured by melting a column equal in diameter to that of the gauge. 
This is obtained by pressing the gauge, mouth downward, through the 
snow to the ground and isolating the contents by passing under the 
month of the gauge a thin plate of metal. A rain gauge of this form, 
after an experience of many years, is found to give the most satisfactory 
results when used by ordinary observers. 

The discussion of all the material which we have collected in regard 
to rain-fall, has served to point out the parts of the country in which the 
registration is most deficient, and exertions have especially been made 
to obtain observations from the great plains of the west and at the base 
of the Kocky mountains. The great current of the returnrirade wind, 
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which continually flows through the higher regions of the atmosphere 
over the whole United States and which at intervals reaches the 
surface of the earth, deposits its moisture, obtained from the Pacific, 
on the Sierra Nevada and other chains of the Rocky Mountain system, 
and thus gives rise to the arid basins and woodless plains of the western 
portion of our domain. A part, however, of this region may be rendered 
arable by means of irrigation, or, in other words, a portion of the pre- 
cipitated vapor may be, as it were, reclaimed for agricultural purposes, ^ 
by artificial means ; and in determining the available resources of the 
country it is important that the amount of water, either iff, the liquid 
state or in the form of snow, which is precipitated in the mountains, 
should at least be approximately determined, and hence we have directed 
si)ecial inquiries to this point, supplying^ rain-gauges in all cases of 
explorations and giving definite directions as to ascertaining the depth 
of snow, the gauging of streams, &c. 

Much has been written on the subject of reclaiming arid wastes by 
planting trees, but the facts which have been collected in regard to this 
matter are frequently misinterpreted, and the result of much research 
in reference to it misapplied. It should be recollected that trees cannot 
grow without moisture and that they have no power within themselves 
to create this essential element of their existence. It is true that in 
some cases where moisture exists but is retained in an aeriform condi- 
tion by the radiating character of the soil, or carried away by the wind, it 
may be precipitated and rendered applicable to the uses of agriculture 
by the judicious planting of trees; while it is equally true that there are 
other localities in which the necessary water for vegetation can never be 
procured by artificial means. The necessary data for the investigation of 
this question in relation to the western portion of the great valley of 
the Mississippi can only be obtained by extensive series of observations 
on the relative humidity and the direction of the moisture-bearing winds 
of different portions of the country. 

Duiing the past year a self-registering barometrical apparatus, in- 
vented by Professor George W. Hough, of the Dudley Observatory, has 
been erected in the Institution, but owing to the position in which it was 
first placed the series of records has not been continuous, though from 
the records which have been obtained it would appear that the instru- 
ment is capable of giving valuable results. This instrument consists of 
an iron tube in the form of a siphon closed at the upper end and filled 
with mercury, and two cylinders or drums moved by clock work, to 
the surface of which is attached the paper receiving the register. On 
the surface of the mercury, in the shorter leg of the siphon, is an ivory 
float, fastened by a fine thread to one end of a lever, the other end of 
which terminates between two points connecting the opposite poles of a 
galvanic battery. As soon as the mercuiy begins to rise and while 
it continues to ascend, the- end of the lever is pressed against the ui)per 
point, thus completing the circuit of an electro-magnet, which unlock^ 
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the printiiig part of the machine, and a record is made in the form 
of an ascending carve on the drums and on a slip of paper in figures, 
on the principle of the printing telegraph. When the mercury falls the 
motion of the pencil is reversed by bringing into operation a second 
electro-magnet by which is traced a descending curve. Two drums are 
used, one giving the curve for two weeks and flie other the same more 
developed for two days, the one serving as a check on the other. An 
interesting series of observations furnished ftx)m the United States engi- 
neer depot at Willett's Point, New York, by General Abbot, exhibits 
the almost perfect parallelism of tw(j curves for nearly a month, one 
by an apparatus similar to this at Albany and the other at Willett's 
Point, from observations with an ordinary standard barometer, the 
distance between these places being upwards of a hundred and fifty 
miles. The parallelism of these curves exhibits not only the probable 
accuracy of ^he self-recording apparatus, but also the extent in a north 
and south direction of a wave of atmospheric pressure. The great 
improvement in meteorological data must depend in future on the intro- 
duction of self-recording instruments, especially at important points. 

Beside the contributions made directly from the ordinary observa- 
tions of the Institution, the following is an acccount of a memoir belong- 
ing to meteorology, previously noticed under the head of publications : 

On the evening of July 20, 1860, a meteoric fire-ball passed over the 
northern parts of the United States and the adjacent parts of Canada, 
of so extraordinary a brilliancy as to attract the attention of numerous 
observers along its entire visible track of nearly 1,300 miles. The phe- 
nomenon was of so interesting a character that the Smithsonian Insti- 
tution made exertions to collect observations in regard to it from its 
meteorological observers and other correspondents, which, together 
with accounts from newspapers and other sources, "were placed in the 
hands of Professor Coffin, of Lafayette College, for the determination of 
the orbit of the meteor. In order to correct the observations, in cases 
where instruments could not be obtained. Professor Coffin directed that 
estimates should be made of the position of the meteor, by means of an 
extemporaneous quadrant, consisting of a graduated paper attached to 
a board, from an angle of which a small plumb-line was suspended. 
The edge of this instrument being directed to the place in the heavens 
where the meteor was seen at its greatest elevation, gave approximately , 
the angle of altitude. The meteor was first observed moving from a 
I)oint over the western shore of Lake Michigan, though it is not improb- 
able that it became luminous when it was somewhat ftulher west, as the 
sky in that region was obscured by clouds, and it was not until it had 
reached a point 150 miles ftu1;her east that the first reliable observation 
of its position was made; from this point many eyes watched its course, 
until it disappeared out at sea, in a southeasterly direction, beyond the 
inland of Nantucket. Whatever may have been the orbit of this meteor 
before it became visible, it is obvious that the portion of the path tiiat 
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was subject to observation was so near the earth as to be controlled 
almost entirely by its attraction, and not sensibly perturbed by other 
bodies. The orbit therefore ascertained, is not the path of the meteor in 
space, but that having the center of the earth in one of its foci. Pro- 
fessor CofiOoi proceeded with the data at his command, to determine the 
path upon the a^sumptibn that the earth was a sphere 7,912 miles in 
diameter, not taking into account its spheroidal form, nor the difference 
between the ^xue and the apparent zenith. In prosecuting the investi- 
gations, the method adopted was as follows : - The parallax and position 
of the meteor were obtained by combining in pairs observations taken 
on or near the same vertical plane. Unfortunately, the number of pairs 
of reliable observations was too few for much accuracy. An approxi- 
mate orbit was, however, determined, from which azimuths and alti- 
tudes were deduced, and these compared with those given by the obser- 
vations. The form of the orbit was then altered so as to 4iiuinish the 
discrepancies, and it was not until over fifty changes of this kind had 
been made that tJie final result was attained. The velocity per second, 
relative to the earth's cent^^r, which best corresponded with observations, 
was nine and three-fourths miles. The first approximate orbit satisfied 
the most reliable observations west of about longitude 76° or 77° ; but 
further east the discrepancies were so great that they could be recon- 
ciled only by a sudden change in the curvature of the path, one at the 
point just named, and another two or three degrees ftirther east. In the 
vicinity of the former of these points a remarkable rupture in the body 
of the meteor was observed, where it separated into two parts that 
appeared nearly of equal size, thus affording a rational explanation of 
the change in the elements. That a change should take place at a point 
of explosion was not difficult to understand, but the fact .that the 
meteor descended quite rapidly towards the earth, until it reached the 
meridian of 74°, and afterwards rose, was difficult to comprehend. The 
most plausible explanation was suggested by Professor Lyman, viz: 
that the change in direction was due to the increased resistance of the 
air as the meteor descended iato a denser portion. An attempt was 
made to deduce the quantity of the change from this hypothesis ; the 
result, however, was not entirely satisfactory, an empirical change 
being assumed in the path near longitude liP. An orbit was comput-ed, 
the path of the meteor divided itself into three sections, the first and 
last of indefinite length, through only a small portion of which the 
meteor was visible ; the other an intermediate portion of 160 miles in 
length, where it was most brilliant. The most important omission in 
the calculation of the elements of this meteor, according to Professor 
Coffin himself, was that of the spheroidal form of the earth, which be- 
came of importance in comparison with the small height of the meteor; 
but with the hope that the subject might hereafter receive at the hands 
of others a more thorough discussion, he concluded to slightly modify 
the elements, so as to afford an unperturbed orbit that would differ so 
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little from the disturbed one, that the azimuths and the altitudes which 
he had already computed for the one might serve for the other. The 
velocity of the meteor, when nearest the earth, was 9.76 miles per second ; 
its least distance from the sur£a«ce of the earth was 39.19 miles, at about 
the middle of New York. 

CorrespoTidence. — ^As the collaborators of the Institution generally 
reside at a distance, the business with them is principally carried on 
by mail. The same is also the case in regard to all the exchanges, and 
consequently the record of nearly all the transactions of the Institution 
is contained in the correspondence. Besides, those relating to of&cial 
business, hundreds of letters are received during the year, containing 
inquiries relative to the various subjects on which the writers desire 
information. If these cannot be immediately answered without much 
research, they are referred to collaborators who are experts in the vari- 
ous branches of knowledge, and who can readily supply information in 
regard to subjects within the range of their special studies. 

In addition to the foregoiug it may also be mentioned that there are 
four hundred meteorological observers, from each of whom several letters 
are received annually. The correspondence of the Institution being of 
such importance, it has been considered necessary to adopt a system in 
regard to it, which consists in registering in a book prepared for the 
purpose, every letter received which pertains to the business of the In- 
stitution. The mail is opened every morning by an assistant, who 
assigns to each letter a number, gives a synopsis of its contents, and 
notes to whom it is referred for answer. The letters are afterwards 
bound in volumes and indexed. Press copies are kept of all the answers. 
An idea may be formed of the amount of labor bestowed upon this 
branch of operations, when it is mentioned that the number of letters 
registered during 1868 was 6,141. This does not include letters 
acknowledging the receipt of donations from the Institution, which 
would swell the number of actual receipts by the mail to. upwards of 
10,000. 

During the past year references of inquiries above referred to have 
been made to the following gentlemen : Dr. Torrey, of New York j Pro- 
fessors Gray and Wyman, of Cambridge} Dr. Leidy and Mr. Isaac Lea, 
of Philadelphia; Professors Whitney, Brush, and Newton, of New 
Haven 5 Drs. Woodward, Otis and Craig, of the Surgeon GeneraPs 
office; Prof. Schaeflfer and Mr. W. B. Taylor, of the Patent Office; Pro- 
fessor S. Newcomb, of the Naval Observatory; and Mr. George Gibbs 
and Mr. J. H. Lane, of Washington. 

Orotmds. — ^The Smithsonian building, as is well known to the visitors of 
Washington, stands in the midst of a park, adorned with a collection 
of the principal ornamental trees which are susceptible of cultivation in 
this climate. This forms part of a reservation of the government 
denominated the ^^MaH," extending from the Capitol to the Potomad, 



52 BEPOBT OP THE SECRETABY. 

which, in accordance with the desijcn of Mr. Downing, was to be entirely 
devoted to an extensive park. 

This plan has been revived by the present Commissioner of Pnblic 
Buildings, General Michler, of the United States army, who strongly 
advocates an appropriation for carrying it into execution. On the 
grounds adjoining the Institution to the west, also a part of the pro- 
posed park, within the last year a spacious building has been erected 
for the uses of the Department of Agriculture, and designs have been 
made under the present Commissioner, General Capron, for the estab- 
lishment of an extensive arboretum. With the renewed interest which 
has been excited on this subject, and the rapid advance of the city in 
wealth and population, we doubt not the original plan will soon be real- 
ized. In the mean time, however, we would call attention to the fact 
that many of the valuable trees originally planted by Downing are being 
injured by the luxuriant growth and consequent crowding of those too 
near each other. Though the visitors to the Institution — and the num- 
ber of these is by no means small in the course of a year, and from every 
part of the .world — are delighted with the general appearance of the 
grounds and the picturesque effect of the building, yet their sense of 
propriety is shocked and their olfactory nerves outraged, in approaching 
the building from the city, by having to cross that most disgusting ob- 
ject known as the "canal,'' though for years it has done no service of 
any value in that capacity. It is, in fact, a Stygian pool, from which 
are constantly ascending in bubbles, as from a caldron, mephitic vapors. 
That part of it which bounds the Smithsonian grounds and those of 
the Agricultural Department, on the north, consists of a basin 150 feet 
wide, extending from Seventh street to Fourteenth street. Into this is 
poured most of the excrementitious matter of the city, which is suffered 
to decompose into offensive gases, and exposes with each ebb of the 
tide a mass of the most offensive matter conceivable. This subject, at 
the last session of the Board of Eegents, was referred to the executive 
committee, who have given it special attention, and prepared a report 
which will be presented to the Board at the present session, and should 
be ordered to be published.* 

The only reason assigned for suffering this nuisance to remain so long 
unabated is the difficulty of settling upon a plan of remedying the 
eva, but surely this need not longer to stand in the way since there is 
engineering ability enough in the country to solve problems of greater 
intricacy than the one under consideration. The only effectual cure of 
the evil is, in my opinion, to fill up the present basin, and construct 
a covered sewer of sufficient capacity to receive that part of the 
drainage of the city which cannot be turned in other directions. A 
wide street with concave surface to discharge very rare freshets, 
would afford a series of building lots of sufficient value to pay the 

* This report wUl bo found in the journal of proceedings of the Board of Regents in 
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expense of the improvement, while the value of property south of the 
canal would be greatly enhanced. ^ 

Before concluding this sketch of the history of the operations of the 
Institution for the year 1868, it becomes my duty to mention the death 
of Mr. William B. Randolph, who for many years has acted as book- 
keeper for the Institution, posting and auditing its accounts, and who 
for 60 years had been connected with the Treasury Department of the 
government. He was a gentleman of extensiVe information, a graduate 
of Princeton College, of inflexible integrity, esteemed and beloved by 
aU who knew him. His life was prolonged with vigor of intellect be- 
yond the usual term of earthly existence, and he died on the 15th of 
May last at the age of 81. 

Since the death of Mr. Randolph the entire charge of the accounts 
has been given to the chief clerk, Mr. William J. Ehees, by whom they 
are prepared for quarterly examination by General Delafield and Dr. 
Parker, of the executive committee. 

In conclusion, from all the facts which have been given in this report, 
as well as in previous ones, we think it may reasonably be claimed that 
the administration of the Smithson fund, on the whole, has been success- 
ful. Though the Institution has been subjected to loss by casualties, 
and has been exposed to adverse conditions during the most troublous 
times in the history of the na4on, yet it has continued noiselessly and 
unostentatiousJy to extend its influence and benefits not only to every 
part of this country, but to all portions of the civilized world. This 
success, if mainly due to the definiteness of conception in the original 
plan, must, in no smaU degree, be attributed to the fact that the Chief 
Justice of the United States is the head of the Board of Regents, whose 
permanence of office, aside from other considerations, could not fail to 
secure, as has been conspicuously evinced in the case of both Judge Taney 
and Judge Ohase, a warm and intelligent interest in the affairs of the 
Institution. Neither is it possible to overlook, in this connection, the 
favorable influence of the policy which, from the first, has invested in a 
single officer, the Secretary, the executive charge of the operations, thus 
confiding to him their conduct and rendering him responsible for their 
results, without in a single case interfering with his acts. Moreover, 
simple justice would require that due credit should be given to the capa- 
ble and zealous assistants whom the Secretary has associated with him- 
self in carrying on the multifarious and arduous duties of his office. 

Respectfully submitted. 

JOSEPH HENRY. 
WASHnfGTON, D. C, January, 1869. 
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Taible shoioing the entries in the record books of the Smithsonian Museum in 

1866, 1867, and 1868. 



CImb. 



1866. 



1867. 



1868. 



Skeletons^d skulls . . . . 

Mammals 

Birds 

Beptiles 

Fishes 

Eggs of birds 

Crustaceans 

Mollusks ....' 

Radiates 

Annelids 

Fossils 

Minerals 

Ethnological specimens . 
Plants * 



7,100 
8,685 

45,000 
6,582 
5,591 

10, 400 
1,287 

18,500 
2,725 
110 
5,920 
4,941 
2,260 



7,500 
8,900 

50,000 
7,150 
5,625 

13,300 
1,287 

18,500 
2,725 
110 
6,600 
5,150 
5,400 
175 



Total. 



119, 101 



132,322 



8,150 
9,300 

54,000 
7,200 
5,625 

14,100 
1,287 

18,500 
2,725 
110 
7,200 
6,625 
7,400 
175 



142,400 



The total number of entries during the year thus amounts to about 
10,000; of which 4,000 are of birds, 2,000 of ethnological objects, 800 
of eggs, &c. 



Approximate table of distribution of duplicate specimens, to the end of 

1868. 





Distribution to end 
^of 18^. 


Distribution in 1868. 


Total. 




Species. 


Specimens. 


Species. 


Specimens. 


Species. 


Specimens. 


Skulls and skeletons . 
Mammals ........... 


105 

808 

9,437 

1,662 

2,424 

3,887 

71,764 

551 

1,013 

1,838 

13,358 

. 3,361 

1,718 

1,048 

1,190 


105 

1,588 

14,579 

2,715 

5,200 

10,101 

169,866 

727 

2,516 

5,152 

18,703 
8,^27 
6,059 
1,048 
1,937 


24 

44 

571 

37 


58 

79 

801 

107 


129 

852 

10,008 

1,699 

2,424 

4,151 

72,970 

551 

1,013 

1,838 

13,658 
3,401 
2,118 
1,107 
1,420 
15 


163 
1 667 


Birds 


15,440 

2,822 

5,200 

10,627 

172,472 

727 


Beptiles 


Fishes 


fhXf.^^f::::::;: 


264 
1,206 


526 
2,606 


Radiates 


Crastaceans 






2,516 
5,152 

19,218, 
9,002 
6,654 
1 107 


Marine invertebrates . . 






Plants and packages 
of seeds..... 


300 
40 

400 
59 

230 
15 


615 
75 

595 
59 

650 

555 


Fossils 


Minerals and rocks.. . 
Ethnology ..--.. .... 


Insects ....... ...... 


2,587 
555 


Diatomaceoas earth .. 










Total 


114, 164 


249,223 


3,190 


6,686 


117,354 


255,909 
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Additions to the collections of the Smithsonian Institution in 1868. 

Adams, Dr. A. — ^Nest and egg of white-winged crossbill, New Brunswick. 

Adams, W, U, — Arrow-head, Illinois. 

Agnewr Samuel A, — Fossils and Indian relics/ Mississippi. 

Albuquerque, Frederick, — ^Two boxes of birds and mammals, Brazil. 

dmes, James T, — Beads, &c., from Indian graves, Lake Superior and Massa- 
chusetts. 

Andross, W. — Indian relics from Connecticut. 

Arnold, Benjamin W, — Phalangidse and myriapods, Kentucky. 

Baggett, J, B. — Box of novaculite and associated minerals, Arkansas. 

Baird, Prcf, S, F, — Stone implements, worked bones, shells, and bones of ver- 
tebrates, from ancient shell-heaps in New Brunswick and Massachusetts; bones 
from cave near Carlisle, Pennsylvania. 

Barnes, — (See Surgeon General.) 

Bauermeister, W, — Box of minerals, Indiana. 

Bdden, Lieutenant, U, S, A — Box Indian objects, Wyoming Territory. 

Berendt, Dr, — Bottle of reptiles and nest of caterpillar, from Mexico and Gua- 
temala ; earth eaten by Indians of Mexico. 

Berthoud, Dr, E, L, — ^Box human bones and fragments of mastodon, Colorado 
Territory. 

Bischoff, Ferd, — General collections from Japan, East Siberia, Gulf of Califor- 
nia, and Alaska. 

Blackmore, W, — Collection of electrotjrpes of ancient British coins and medals ; 
model of Stonehenge. 

Blake, Charles, — Stone axe, Massachusetts. 

BUss, L, W, — Three skulls of mound builders, Wisconsin. 

Boardman, G, A, — Indian relics, ancient Indian anchor, skins of birds and mam 
mals, and birds' eggs from Maine, and bird skins from Florida. 

Belles, Bev, E, C, — Box of diatomaceous earth, Maine. 

Bowman, J, B, — Two pieces marble, one of ash-wood, from Ashland, Kentucky. 

Brewer, John, — ^Relics from ancient shell-beds and Indian graves, at Hingham, 
Massachusetts. 

British Ifu^eum.— One can of fishes from Zanzibar. 

Brown, Dr. G. jff.— One box petrified wood, jasper, agate, &o., from the West 
Indies. 

Bryan^ 0, N, — Indian pottery and stone implements, Maryland. 

Bryant, Mrs, E, B, — Indian relics, Massachusetts. 

Burr, Feariny, — Brass trinkets from modem Indian graves, Massachusetts. 

Burroughs, J, — GeotMypis Philadelphia and eggs. New York. 

CdQeja, Manual L, — Box of birds, Costa Rica. 

Canfield, Dr, C, A. — ^Two boxes specimens of natural history from California. 

Carmichad, Daniel, — Stone implements, Maine. 

Christ, Richard, — Stone axes, arrows, &c., Pennsylvania. 

Cole, Lev^i, — Stone sinker and arrows, Massachusetts. 

Code, J, M, — Specimens of corundum and emery, Pennsylvania. 

Cope, Prcf, E, D, — One can of the fresh- water fishes of Virginia j one box miocene 
shells, Maryland ; one can alcoholic specimens. 

Corinn, N, J, — One lamprey eel and one snake, District of Columbia. 

Curtis, Dr. M, A, — Field mice in alcohol. 

Ddtt, W. H, — General zoological and other collections, Youkon river, Alaska 
Territory. 

Davidson, George, United States Coast Survey, — One box geological specimens, 
two cans shells, and one lot of botanical specimens, and specmiens of wooils, 
Alaska Territory. 

Davis, Uenry. — ^Package shells, myriapods, &c., Iowa. Digitized byCjOOQlC 
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Davis, Dr. E, H, — Casts of North American antiqnitieS; types of figures in 

'^ ancient monaraents of Mississippi valley." 
Davison, C. E, — Lepidoptera in alcohol, Michigan. 

Dayton, E, A, — Indian implements, pottery, bones, and minerals, Tennessee. 
DestrugeSf Dr. A. — Box of bird skins, reptiles, &o., in alcohol, Sonth America. 
Deveretix, J. H. — ^Three boxes Indian relics fi*om mounds in Tennessee, Ohio, &c. 
Donahoe, Thomas. — ^Pileated woodpecker (Hyl.pUeatusJ in the flesh. 
Dol€, E. T. — Insects from Ohio. 

Dow J Captain J. M. — Tapims Bairdii, and other specimens in alcohol, minerals 
and fossils, Insects, of Central America ; antiquities frQm Costa Rica and Chiri- 
qui. 
Earle, W. H. — MaUotus in clay nodule, Ottawa river, Canada. 
Eaton, Frank. — Indian stone relics, Pennsylvania. 
Edwards, Dr. W. H. — Two boxes of fossil coal plants, Indian relics, &c., West 

Virginia. 
Ellsworth, Mr. — Stone implements and marine animals^ Massachusetts. 
Engelmanny Dr. George. — Series of Juncem, (American.) 
Feltz, George B. — Stone hoe, Massachusetts. 
Fenton, Elisha. — Minerals and Indian relics, Pennsylvania. 
Femald, C. J. — Ancient pipe, Aroostook county, Maine. 
Fink, Hugo. — Specimens of wood of Mexican trees. 
Fitski, Edward. — Silver quartz, Zellerfield, Hanover. 
JP^in^, Dr. E(wl — Collection of plants from Nicaragua. 
Forte, A. E. — Box of insects, Lake Superior. 
Frolich, Jacob, jr. — One inferior maxillary bone, (htiman,) Arkansas. 

Gerrish, Noah W. — Indian relics, Massachusetts. 

Giraud, J. P. — ^Type of Ictertis Audubonii, Texas. 

Glover, Prqf. T. — Bone of bear, horns of spike buck, Florida ; African tattooing 
apparatus, Indian arrow-heads. 

Gordon, T. VT.— Mole cricket, Ohio. 

Grant, Captain E. M. — Stone idol from Tennessee. 

Gray, Dr. C. C, and Dr. Mathews. — One box Indian curiosities from Montana 
Territory. 

Grayson, Colonel A. J. — Three boxes burds, &c., Mazatlan, Mexico. 

Gregory, J. J. H. — Indian relics, Massachusetts. 

Grimian, A. G. — Bottle of reptiles and Indian relics, Virginia. 

Gruber, F. — One box birds, California. 

Gunn, Donald. — ^Two boxes birds' eggs from west of Lake Winnipeg ; zoological 
' • specimens, Hudson's Bay territory. 

Hackenburg, Dr. G. P., United States' army. — ^Baculite, Mauvaise Terres. 

Hague, Henry. — ^Alcoholic collections and specimens of natural history, Gua- 
temala. 

Hagemann, G. A. — Cryolite, &c., Greenland. 

Haley, Mr. — Stone axe from Maine. 

Hamilton, James. — Stone chisel, Pennsylvania. 

Hammond, Phillip. — Lower jaw of a porpoise, Massachusetts. 

Hathaway, Gideon P. — Large Indian pestle, Massachusetts. 

Haymond, Dr. Btrfus. — Box Indian relics from Indiana. 

Hawkins, Samuel. — Sharks' teeth, Mississippi. 

Hazzard, G. W. — Sulphuret of iron, Pennsylvania. 

Hielscher, Thomas — Three bottles insects, minerals, &c., Minnesota. 

Hitchcock, Prqf. Edward. — Indian relics from New England. 

HitZjB. B. — Collections of specimens of natural history, geology, and ethnology, 
Dakota and Montana. 

Hoover, Harry. — Minerals and Indian relics, Pennsylvania. 

Hopkins, Prof. W. H. — Newly-formed sandstone, New York. 

Digitized by VjOOQIC 
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IToran, Henry, — Skin and skeleton of Madagascar rabbit, and skull of goat. 
Hotcardj Captain TF. A,, U, S, B, M, — Two skeletons of the sea otter, one skin 

of sea otter, (voung,) and ethnological collections, Aleutian islands. 
HotceUy B, — Indian relics, southern New York. 
Hudson, W, H. — Box of bird skins, Buenos Ayres. 
IvcSj Frank, — Specimen of orthoceratite. 

Imperial Botanic Gurden, St, Petersburg. — ^Two boxes of plants, Russian empire, 
James, Prqf, Charles A, — Living homed frog. 
Jeffries, J, B, — One box titaniferous ore, Virginia. 
JenkSf Prof, J, W. P. — ^Large collection of Indian relics, Massachusetts. 
Jewett, Charles, — Recent marine shells, coast of Maine. 
Jetcett, Colonel E, — Collection of Florida shells, Indian relics, New York, New 

Jersey, &c. 
Jones, Prqf, C. M, — Geological and zoological collections, Connecticut, 
Keenan, T, J. B, — Insects, fossils, and Indian relics, Mississippi. 
Keim, the late Hon, George W,, Hirough his children, — Three boxes Indian relics, 

Pennsylvania. 
King, Clarence. — ^Fifty boxes of general collections, made in Nevada and Utah, 

during United States geological survey of 40th parallel. 
Larkin, E. P. — Birds, &c., in alcohol. 
Latimer, George. — Six jars alcoholic specimens, and one oval stone ring. West 

Indies. 
Lawrence, George N. — ^Three species of humming birds. South America. 
Linceum, Dr. G, — Zoological specimens and fossils, from Texas, See 
Lincoln, Benjamin, — Box Indian relics, Maine. 
Limpert, W, B, — One box birds' eggs^ and two bird skins, Ohio. 
Lockett, S. H. — Minerals and fossils, Louisiana. 

Lockhart, James. — Insects, &c., of Hudson's bay. • 

Logan, Thomas M, — Skull of Digger Indian, California. 
Z/Owe, Abram. — Relics from ancient shell heaps and Indian graves, Massachusetts. 
Lyon^ Sidney S, — Seven banels and four boxes of bones of mound builders, and 

relics fix)m mounds in Kentucky. 
McComas, Dr. L Lee, — Skin of Lepus americanus, (white,) two goshawks, and 

skull of red fox, from Maryland. 
McCuUoch, Hon. H,, Secretary of the Treasury, United States. — Specimens of 

coal from Cook's inlet, Alaska Territory. 
McDougal, J. — ^Two boxes birds' eggs, Youkon river. 
McFarlane, B. — Sixteen boxes, eleven packages, and one keg of specimens of 

natural history and ethnology, Mackenzie River district, Hudson Bay territory. 
Moloney, H. D, — Indian relics, Tennessee. 
Merritt, J, C. — Indian arrows, Long island. 

MiUs, Major W, H. — Bow, arrows, and equipment of Apache Indians. 
Minor, Dr. Thomas T, — ^Two boxes minerals, animals, and ethnological speci- 
mens, Alaska Territory ; drawings made by Winnebago Indians. 
Moore, C. B, — ^Indian relics, and skin of Jaculus hudsonicus, Virginia. 
Nelson, W, — Fulgora, and large grasshopper and sea snake, Panama. 
Orton, Prqf. — Box of plants, Venezuela ; can of alcoholic fishes, South America. 
Palmer, Dr. Edward, — Ten boxes specimens of natural history and ethnology, 

Kansas and Indian territory. 
Palmer, Dr. Charles. — Stone gouge and axe, Massachusetts. 
Parker, Dr, N. — Bones from ancient shell heaps iil New Brunswick. 
Payne, Dr. — Box of minerals. 
Peabody, Leonard. — Indian relics from Maine. 
Pearsall, B. P.— Nest and eggs of Empidonax traUli, New York. 
Peyton, Bobert E,, M, D. — Micaceous ore of iron, Virginia. 
PoUis, Jfr.-Slate spear, Maine. ^.^.^.^^^ byGoOglc 
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Fowcllj Prqf, — Two boxes birds, Colorado. 

Heme, J, F, — Collection of bird skins, South America. 

Beidy Peter, — ^Box of flint arrow-heads, New York. 

Bernhardt, Dr, J, — Skeleton of Cervus akes, Scandinavia. 

Bice, Louis V, — Fossils from Lake Huron. 

Bodifer, Jacob, — Minerals from Virginia. 

BosSy A, C, — Indian relics and elephant's tooth, Zanesville, Ohio. 

Boss, B, B, — Specimens of Bemkla leiuxjpsis, and other birds, fossils, &c., Hud- 
son's Bay territory. 

Salvifif 0, — Four birds, and box of eggs, Central America. 

Sampson, Uriah, — Stone gouge, Massachusetts. 

Sargent, Daniel.— One box flamingo eggs, from the Bahamas. 

Sarlorim, Dr, — Collection of birds and alcoholic specimens, Mexico. 

Schoolcrc^, Mrs, M, H, — Indian relics, axes, arrow-heads, &c., and plaster casts 
of inscription on Dighton rock. 

Schott, Dr, A, — Jotanical and zoological collections, Yucatan. 

SeUman, Dr. J.— Sharks' teeth, Mississippi. 

Seagrave, 0, ^.— One snake and two lepediptera, Florida. 

Shaw, Ehen, — Stone mortar, Middleboro', Massachusetts. 

Sheppard, Lewis, — One milk snake. 

Slterwood, Andrew, — One box of rocks and fossils from Pennsylvania. 

Shimer, Prqf, Henry, — Living golden eagle, from northern Illinois ; bird skins 
from Illinois. 

Slagel, J, W, — Indian stone axe and other relics, and miocene fossils, from 
Maryland. 

Smith, Dr, J, B, — ^Box of birds, Bahia, Brazil. 

Spencer, Dr, L, B, — Stalagmite from Virginia. 

Starke, Mr, — Insects, shells, minerals, &c., Venezuela. 

Steams, B, E, C, — Collection of shells, California. 

Steele, G, — Indian relics, California. 

Stinson, Captain James, — ^Tertiary shells. New Brunswick. 

Stone, J, M, — Fossil shells, Illinois. 

Stratum, Thomas, — ^Two packages minerals, &c,, Mt Baker, Washington Ter- 
ritory. 

Stratton, L, — Indian relics from New York. 

Sumichrast, Dr, — Zoological collections, Orizaba, Mexico. 

SundevaU, Prof, C, J,, Stockholm, — Birds of St. Bartholomew and Galapagos 
islands, (for Academy of Sciences.) 

Surgeon General United States Army, — Minerals, &c., Upj)er Missouri ; box of 
minerals collected by Dr. B. B. Miles, United States army. 

Sylvester, S, H, — Indian relics, Massachusetts. 

Talen, Bev, V. — Specimen of granite used in Mormon temple. Salt Lake City; 
also photograph of the building. 

Tlioxter, L, X. — Turdus swainsoni sjid paUasi, Massachusetts. 

TJiomas, M„ 4* Sons, — A complete skeleton, and separate head of Irish fossil elk. 

Tliompson, Bev, D, — Box fossils and Indian relics, Ohio. 

Thompson, Mrs, J, — Cane carved by Nisqually Indians. 

Todd, Dr, W. i/.— Relics from ancient shell beds in New Brunswick. 

Tolman, Mr, — One box birds' eggs, Illinois. i 

Tyler, Samuel, — Indian stone axe. Prince George county, Maryland 

Ullrich, Lewis, — One specimen garfish, and two boxes lepidoptera, Ohio. 

University qf St, Thomas, Costa Bica, Prqf, Luden Piatt. — ^Two boxes miner- 
als, &c. 

Van Patten, Dr, C. H, — Two mammals, Guatemala. 

Von Frantzius, Dr. A, — Bi^ds, mammals, &c., from Costa Rica. 

Wakefield, Dr. E. St. George. — Skin of Aikausas siskin, Arispjej, QqOqIc 
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WdUcer^ B. L, — Specimens of living menopoma, and one box Indian relics, one 

living tortoise, and other collections, Pennsylvania. 
Waiter J William. — Twenty-five bird skins, District of Colombia. 
Wilcox, H. B. — Fresh-water shells, Michigan. 

WilkeSy Admiral Charles. — ^Two stone, axes, Gaston county, North Carolina. 
WHsonj Dr. S. W. — ^Living gophers, (Tesiudopolyphemus,) Greorgia. 
Wise, H. G. — Cock's apurs. New York. 
Woodf Dr. WiUiam. — Indian relics, Connecticut. 
WrigMj Charles. — One box land shells, fishes, insects, &c., from Cuba. 
Wyman, Prqfessor J. — Humerus of Alca impenniSy from shell heap, in Maine. 
TateSf Dr. L. G. — ^Natural history and archaelogical specimens, California, &a 
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Table ahomng the etatuHet of the Smithsonian exchanges in 1868. 
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Bt. FflHi Flngel, Leipsic : 
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370 
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88 

441 
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Germany ,,■■.■ .................. .^---. 








BwitzerlAnd *., * 
















Total-.** _,-, 


460 


030 


36 


378 


10,9S1 




Boyal Swedish Society of Scieuetfl, Stockholm : 
Sweden -,, _..-. ..^-_^^^. 


12 


29 
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21 


650 






Eojiil UniTOraity, Christiama: 

Norway *....^ ..*.*.......*.*...*... 
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17 
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21 


650 






Eoyal Daniah Society of Sciences, Copenhagen ; 
Iceliiud *- --, 
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14 
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Total - 


15 


27 
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650 






Frederic Mailer^ Amaterdam : 

Holland -,,„ , 


60 
36 


78 
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B^il^um*.... .*....<...■...*..*.... ---_ 
















Total - - 


76 


117 


6 


63 


1,950 




G, Bo9saDg€, PBTia : 

France >..... .......................> 


147 

8 
4 


185 
11 

6 
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Poitugal >....*.....< ...*>..>... ^....> 
















Total 


159 


191 


15 


157 


4,875 




R. Institute Lombardo, Milan : 

Italy 


31 


91 


5 


53 


1.625 


A».»ij ...........•...•.••••.•......... 




W. Wesley, London : 

GreRt Rritain and Ireland ..-r.,*.T...., 


219 


317 


23 


231 


7 150 






Best of the world .— 


99 


177 


14 
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-i,800 




Grand Total --.. ..r...... 


1,129 


1,557 
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1,057 
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Packages received by the Smithsonian Institution from parties in Americaj 
for foreign distribution^ in 1868. 



Address. 




ALBANY, NEW TOIUL. 



New York State University. 
Professor J. Hall 



ANN ARBOR, BUCmGAN. 

J.E. Watson 

BALTIMORE, BfARTLAND. 



I>r.P.R.Uhler. 
T.H. Wynne.. 



BOSTON, BfASSACHUSETTS. 

American^ Academy of Arts and 
Sciences 

Boston Society of Natural History — 

llMsachnsetts Board of State Chari- 
ties 

Poblic LibraiT 

BobertE.C. Steams 

Dr.D.H.Storer 

F.H.Storer 



CAMBRIDGE, MASSACHUSETTS. 



Cambridge Observatory 

Harvard College 

Mnseum of Comparative Zoology. 
Professor L. Agassiz 



CHICAGO, ILLINOIS. 

Chicago Academy of Sciences. 

COLUMBUS, OHIO. 



Ohio State Board of Agriculture . 

State of Ohio 

Leo Lesqereux 



DORCHESTER, BUSSACHUSETTS. 

Dr.E.Jarvis 

ERIE, PENNSYLVANIA. 

Bev.L.O.Olmstead 

HAVANA, CUBA. 

Professor F. Poey 

HARTFORD, CONNECTICUT. 

American Asylum for Deaf and Dumb. 



120 
112 



22 



130 
275 



5 

21 

503 

140 



74 



1 

30 



12 



19 



INDIANAPOLIS, INDIANA. 

Indiana Institution for Deaf and 
Dumb 

Indiana Institution for Education of 
Blind 



IOWA CITY, IOWA. 

Iowa Grand Lodge Masons < 

ITHACA, NEW YORK. 

Cornell University 

LOWELL, MASSACHUSETTS. 

James B. Francis 

MONTREAL, CANADA. 

Dr. J. W.Dawson 

NEW HAVEN, CONNECTICUT. 



American Oriental Society ... 

Cabinet of Yale College 

Professor G.J. Brush 

Professor J. D. Dana 

Professor E. Loomis 

Professors Silliman and Dana. 
Professor A. E. VerriU 



NEW ORLEANS, LOUISIANA. 

New Orleans Academy of Natural 
Science 



NEW YORK, NEW YORK. 



American Bureau of Mines 

American Christian Commission 

American Microscopical Society 

New York Lyceum of Natural His- 
tory 

A. BL Edwards 

D.Van Nostrand 



NORTHABfPTON, MASSACHUSETTS. 

State Lunatic Hospital 

PHILADELPHIA, PENNSYLVANIA. 



Academy of Natural Sciences 

Academy of Natural Sciences, (Con- 
chological section) . 



15 

100 

34 
25 



27 / 



3 

1 
7 
24 
16 
26 
10 



4 
53 
50 

117 

1 

15 



17 

190 
13 
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Packages received fnym parties in AmeHea^ dbc. — Oontinned. 



Address. 



1 



Addiess. 



PHILADELPHIA, PA. — Continned. 

American Entomological Society ... 
American Pharmacentical Association. 

American Philosophical Society 

Historical Society of Pennsylvania. .. 
Pennsylvania Institntion for Instrac- 

tion of Blind 

James J. Barclay 

G.W.Childs •- 

Dr. Isaac Lea 

Dr. J. H. Packard 

Edw Shinpen, President of Board of 

Controllers of Public Schools 



PRINCETON, NEW JERSEY. 

A. D.Brown 



PROVIDENCE, RHODE ISLAND. 
Edwin M. Snow 



ROCHESTER, NEW TORE. 

Darrow &, Eempshall , 



ROCKFORD, ILLINOIS. 

M.8.Bebb 



ST. LOUIS, MISSOURL 

St. Lonis Academy of Sciences . 
Dr. Q. Engelmann 



SALEM, MASSACHUSETTS. 



Essex Institute . 

A. Hyatt , 

A, S. Packard.. 



48 
25 

278 



59 

209 

600 

1 

250 

200 



31 



24 
14 



189 
31 
26 



SAN FRANCISCO, CALIFORNIA. 

California Academy of Natural Sci- 
ences 



SANTUGO, CHILE. 

University of Chile 

SPRINGFIELD, ILLINOIS. 
A.H.Worthen 

TORONTO, CANADA. 

Canadian Institute • 



WASmNQTON, D. C. 

American Nautical Almanac , 

Columbia Institute for Deaf and 

Dumb 

Department of Agriculture 

Department of Education 

Department of Interior 

General Land Office 

Library of Congress 

Sar(2^n General United States army . 

United States Coast Survey 

United States Naval Observatory 

United States Patent Office 

L. F. DePourtales 

A.B.Eoe8sler 

Henry Ulke ^ 



ADDRESS UNKNOWN. 



Charles P. Clever. 

Dr. Edwards 

F.N.Hasselquint. 
Mrs. Mary Mann .. 
G.S.Wagpaier 



54 



20 



65 

125 

323 

1 

14 

2 

17 

2 

260 

87 

484 

14 

1 

1 



6,054 
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Packages received by the Smithsonian Institution from Europe j in 1868, /or 
distribution in America. 



AddioBs. 



3'^ 



Address. 



t 



ALBANY, NEW YORK. 

Albany Institate 

Bureau of Military St atistics 

Dudley Observatory 

' New York State A^icultural Society. 
New York State Library, Albany. ... 

New York State Medical Society 

New York State University 

State Cabinet of Natural History, 
Albany 

AMHERST, MASSACHUSETTS. 

Amberst College 

ANNAPOLIS, MARYLAND. 

United States Naval Academy 

ANN ARBOR, MICHIGAN. 

Observatoiy 

University of Michigan 

ATHENS, OHIO. 

Ohio University 

AUBURN, NEW YORK. 

New York Lunatic Asylum for Con- 
victs , 

AUGUSTA, MAINE. 

State Lunatic Hospital 

AUSTIN, TEXAS. 

State Library I.. 

Texas State Lunatic Hospital 

BALTIMORE, MARYLAND. 

Maryland Historical Society 

Maryland Hospital for Insane 

Mount Hope Institution 

Peabody Institute 

BLACKWELL'S ISLAND, NEW YORK. 

City Lunatic Asylum 

BLOOMINGTON, INDIANA. 

Indiana State Univeraity. 



5 

4 

17 

«0 

23 

3 

3 



BOSTON, MASSACHUSETTS. 

American Academy of Arts and Sci- 
ences.. 

American Christian Examiner 

American Social Science Association. 

American Statistical Association 

American Unitarian Association 

Boston Christian Register*. 

Boston Society of Natural History. . . 

Bowditch Library 

City Lunatic Asylum 

Massachusetts Historical Society 

Massachusetts School of Technology. 

Ne wE ngland Historico-Oenealogical 
Society 

North American Review 

Perkins Institution for Blind 

Prison Discipline Society 

Public Library 

State Library 



BRATTLEBORO', VERMONT. 

Vermont Asylum for Insane . . . • 



BRUNSWICK, MAINE. 



Bowdoin College 

Historical Society of Maine. 



BURLINGTON, YERMONT. 

University of Vermont 



CAMBRIDGE, BCASSACHUSBTTB. 

American Association for Advance- 
ment of Science 

AstronomicalJoumal 

Harvard College 

Harvard Natural History Society. . . . 

Herbarium of Harvard College 

Museum of Coinparative Zoology . . . . 
Observatory of Harvard College .... 

CHARLESTON, SOUTH CAROLINA. 

Charleston Journal of Medicine 

Elliott Society of Natural History... 

Society Library 

South Carolina Historical Society.. . 

CHARLOTTESVILLE, VIROINU. 

University of Virginia 



d4 
3 
1 
8 
3 
2 
189 
3 
1 
3 
1 

1 
2 
1 
1 

10 
3 



22 

3 

17 

1 

2 

26 

31 



1 

12 
1 

1 
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FacJcages received from Europe^ dtc. — Oontinaed. 



Address. 



CHARLOTTETOWN, PRINCE EDWARD 
ISLAND. 

Royal Agricultaral Society 

CHICAGO, ILLIMOIS. 

Chicago Academy of Sciences 

Dearborn Observatory 

Mechanics* Institute 

CINCINNATI, OHIO. 

Mechanics' Institute 

Obsenratory 

COLUMBIA, BHSSOURL 

(^logical Survey of Missouri 

University 

COLUMBIA, SOUTH CAROLINA. 

South Carolina College 

State Lunatic Asylum 

COLUMBUS, OHIO. 

Central Lunatic Asylum 

Ohio Lunatic Asylum 

Ohio State Board of Agriculture 

CONCORD, NEW HAMPSHIRE. 

New Hampshire Asylum for Insane.. 
New Hampshire Historical Society . . 

DAVTON, OmO. 

Southern Lunatic Asylum 

DECURAH, IOWA. 

Lutheran College 

DES MOINESj IOWA. 

State of Iowa 

^ DETROIT, MICHIGAN. 

Michigan State Agricultural Society. 

FLATBUSH, NEW YORK. 

Kings County Lunatic Asylum 

FLUSHING, NEW YORK. 

Sanford Hall Asylum 



tl^ 



I 



51 

8 

1 



11 
1 



13 



14 



Address. 



FRANRFORD, PENNSYLVANIA. 

Asylum for Insane 

FRANKFORT, KENTUCKY. 

Geological Survey of Kentucky 

FREDERICTON, NEW BRUNSWICK. 



Board of Agriculture. 

King's College 

Legislative Library.. 



FULTON, MISSOURI. 

Lunatic Hospital , 

OAMBIER, OHIO. 

Kenyon College 

GEORGETOWN. D. C. 

Georgetown College 

GREENCASTLE, INDIANA. 

Indiana Asbury University 

HALIFAX, NOVA SCOTIA. 



Dalhousie University 

Nova Scotian Institute of Natural Sci- 
ence 



HABflLTON, NEW YORK. 

Madison University 

HANOVER, NEW HAMPSHIRE. 

Dartmouth College 

HARRISBURG, PENNSYLVANIA. 



State Library 

State Lunatic Hospital. 



HARTFORD, CONNECTICUT. 



Retreat for Insane 

Young Men's Institute . 



HOPKINSVnXE, KENTUCKY. 

Western Lunatic Asylum ....... 



INDIANAPOUS, INDIANA. 



Hospital for Insane 

Indiana Historical Society.. ^.^^It 1 
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Packages received from Europe^ &c, — Continued. 



Address. 



1 



Address. 






INMANSTILLE, WISCONSIN. 

Wisconsin Scandinayian Society . .. 

IOWA CITY, IOWA. 

Iowa State University 

ITHACA, NEW YORK. 

Cornell College 

JACKSON, LOUISIANA. 

Lunatic Asylmn 

JACKSON, MISSISSIPPL 

State Lunatic Asylom 

JACKSONVILLE, ILLINOIS. 

Hospital for Insane 

Institution for Blind 

JANESVILLE, WISCONSIN. 

Institution for BUnd 

JEFFERSON CITY, MISSOURL 

Historical and Philosophical Society 

JESUS ISLE, CANADA. 

Observatory of St. Martin 

KALAMAZOO, MICHIGAN. 

Hospital for Insane 

KINGSTON, CANADA. 

Botanical Society of Canada 

Observatory 

KINGSTON, JAMAICA. 

Jamaica Society of Arts 

LEBANON, TENNESSEE. 

Cumberland University 

LEWISBURG, PENNSYLVANIA. 

University 

LEXINGTON, KENTUCKY. 

Eastern Lunatic Asylum 

5 S 



14 



UTCHFIELD, CONNECTICUT. 

Betreatfor Insane 

* LITTLE ROCK, ARKANSAS. 

State Library 

LOUISVILLE, KENTUCKY. 

University of Louisville 

MADISON, WISCONSIN. 



Skandinaviske Presseforening 

State Historical Society of Wisconsin. 
State Library 

Wisconsin Natural History Society.. 
Wisconsin State Agricultural Society. 

MIDOLETOWN, CONNECTICUT. 

Wesleyan University 

BULL CREEK, OHIO. 

Lunatic Asylum 

MILLEDGEVILLE, GEORGIA. 



State Lunatic Asylum. 
University 



MONTPELIER, VERMONT. 

State Library 

MONTREAL, CANADA. 

Geological Survey of Canada. . 
Historical Society ,.. 

McGill College. 



Natural History Society 

Soci6t6 d' Agriculture duBasCanada. 

NASHVILLE, TENNESSEE. 



Hospital for Insane 

University of Nashville . 



16 



1 
5 
6 
I 
24 



NEW BRUNSWICK, NEW JERSEY. 

Geological Survey of New Jersey. . . 9 

NEWBURG, OHIO. 

Northern Lunatic Asylum 

NEW HAVEN, CONNECTICUT. 

American Journal of Science aiKL^Lrt . .42 
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66 LITERARY AND SCIENTIFIC EXCHANGES. 

Packages received from Europe, &c, — Oontinaed. 



Address. 




Address. 






Kcw HAYEK, CONN.— Contioned. 



American OrieDtal Society. 

Oonuecticnt Acadeuiy of Sciences.. 
YttleCoUege 



NGW ORLEANS, LOUISIANA. 

New Orleans Academy of Sciences ^. 

NEW YORK, NEW YORK. 



American Christian Commission 

American Eclectic Medical Review... 

American Ethnological Society 

American Geographical and Statistical 

Society 

American Journal of Mining 

American Institute, 

American Microscopical Society 

Astor Library 

Bloomingdale Asylum for Insane 

Columbia College 

Herbarium of Columbia College 

Historical Society 

Lyceum of Natural History 

Mercantile Library Association 

New York Academy of Medicine 

New York Christian 1 nquirer 

New York Journal of Medicine 

School of Mines 

United States Sanitary Commission . 
University 



NORTHAMPTON, MASSACHUSETTS. 

State Lunatic Hospital 

OXFORD, OHIO. 

Miami University 



PHILADELPHIA, PENNSYLVANIA. 

Academy of Natural Sciences 

Auierican Eniomological [Society . . . 
American Journal of Medical Science. . 
American Pharmaceuiicai Assucia- 

tion , 

American Philosophical Society 

Central High School 

Franklin institute , 

Historical Society of Pennsylvania . . . 

House of Refuge 

Journal of Conchology 

Library Company 

Medical Chirurgical Heview 

Obhcrvatory of Giiaid C«»llege 

Pennsylvania Horticultural Society i. 
Pennsylvania Hospital for Insane... 
Pennsylvania lustitudou for Blind .. 



17 

20 
13 



28 



21 

2 

13 

31 
2 

16 
1 
5 
1 
1 
] 
2 

74 
1 
1 

] 
6 
7 
4 



159 
12 
4 

27 
82 
1 
29 
7 
1 
3 
2 
2 
1 

y> 
I 
1 



PHILADELPHIA. PA.— Continued. 

Pennsylvania Institution for Deaf 

and Dumb 

Philadelphia Hospital 

Philadelphia Journal of Medicine 

Philadelphia Society for Alleviating 

the Miseries of Public Prisons 

Wagner Free Institute 

PITTSBURG, PENNSYLVANIA. 

Western Hospital for Insane 

PORTLAND, BfAINE. 

Portland Society of Natural History . 

POUGHKEEPSIE, NEW YORK. 

Vassar College 

PRINCETON, NEW JERSEY. 

College of New Jersey 

PROVIDENCE, RHODE ISLAND. 

Brown University , 

Butler Huspital fur Insane 

Rhode Island Historical Society .... 

QUEBEC, CANADA. 

Astronomical Observatory 

Library of Parliament 

Literary and Historical Society of 
Quebec 

RALEIGH, NORTH CAROLINA. 

Insane Asylum 

RICHMOND, VIRGINIA. 

State Library 

ST. JOHN'S, NEW BRUNSWICK. 

Natural History Society of New 
Brunswick 

Newfoundland Agricultural Society. 

ST. LOUIS, MISSOURI. 

Deutsche Instituts zur Beforderang 

von Wissenchaften 

Mercantile Library 

St. Louis Academy of Science 

University 
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Addresa. 



n 



Address. 



ST. PAUL, MINNESOTA. 

Minnesota Historical Society , 

SALGH, MASSACHUSETTS. 

Essex Institute 

SAN FRANCISCO, CAUPORNIA. 

California Academy of Natural Sci- 
ence 



SAVANNAH, GEORGIA. 

Historical Society of Georgia 

SHKLBYVILLE, KENTUCKY. 

Shelby College 

SOMERTILLE, MASSACHUSETTS. 

McLean Asylum 

STAUNTON, VIRGINIA. 

Western Lunatic Asylum 

STOCKTON, CALIFORNIA. 

Hospital for Insane 

TAUNTON, MASSACHUSETTS. 

State Lunatic Hospital 

TORONTO, CANADA. 



Magnetic Observatory. 
Canadian Institute .... 
University 



TRENTON, NEW JERSEY. 

State Lunatic Asylum 



37 



49 



UTICA, NEW YORK. 

American Journal of Insanity 
State Lunatic Asylum 



WASHINGTON, D. C. 



American Nautical Almanac 

Buieau of Navi^tion 

Bureau of Statistics 

Department of Agriculture 

Department of Education 

Library of Congress 

Light-bouse Board 

Medical Department United States 

army 

National Academy of Science 

National Deaf-Mate College., p..... 

Odd Fellows' Library 

Ordnance Bureau 

Secretary of the Interior 

Secretary of War , 

State Department 

Treasury Department , 

United States Coast Survey 

United States Government Hospital 

for Insaue ,.. 

United States Land Office 

United States Naval Observatory. . 

United States Patent Office 

Washington public schools 



WATBRVILLE, MAINE. 

Waterville College.... 



WEST POINT, NEW YORK. 

United States Military Academy ... 

WILLIAMSBURG, VIRGINIA. 

Eastern State Lunatic Asylum 



WORCESTER, MASSACHUSETTS. 

American Antiquarian Society.... 
State Lunatic Hospital 



7 
3 
3 

17 
3 

46 
1 

59 

19 

1 

1 

4 

4 

3 

28 

1 

8 

. 93 

140 

2 



Total addresses of institutions 245 

Total addresses of individuals 191 

Total number of parcels to institutions 2,208 

Total number of parcels to individuals 686 



436 



2,894 
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LIST 



OF 



SMITHSONIAN METEOROLOGICAL STATIONS AND OBSERVERS IN NORTH 

AMERICA AND ADJACENT ISLANDS FROM 1849 UP TO 

THE END OF THE YEAR 1868. 



Thote marked witb a * are deceased. 



"■1 
Nome of station. 


Name of obaerrer. 


Years of 

observa- 

tions. 


Name of station. 


Name of obserwr. 


Yean of 

observa- 

tionB. 


ANTILLES. 

Sombrero Inland. . . 

BAHAMAS. 

nrnrk'ff Iflland ...» 


Alexis JuUen 

Milton Brayton 

J. B. Hayne.... 


18e3-'64 
1865 

1899 
1660 

1661 
iee2-'65 
1868 
1861 

1856-'50 

18S3 
1P67 
1857 
1858 
1858-'e8 

1859 

1667-'G8 

1857-'e2 
1859-'e0 

l8eC-'66 
1855-'63 
1861 
18C1-63 

16t)8 

18S2-'e8 

1857-'65 

1868 

1861-'e2 

1856.-68 

1849 

1851-'58 

1865-'66 
ie6a.'66 
1866-'67 
1867-'68 

185B-'a8 

18®.'68 
1854 


HUDSON'S BAT 
TERRITORY. 

Abbltlbbepost.... 
Fort Anderson . . \ 

Fort George 5 

FortLiard 

FortNascopec .... 

Fort Norman 

FortRae 


Jas.Lockhart 

ILMacfarlane i 

*R.Kennioott 

H. ConnoUv .... 


1868 
1863 
1863 
1860 
1863-'6$ 


Turk's Island 


J. C. Crlsson, Cap! 

W. Hamilton. 

•A. O. Carotbers 

United States consul. 
J. C. Crisflon. United 
Samuel G.Garland.. 

States vice consul. 
A. M. Smilh 


Andrew Flett 

Lawrence Clark, Jr - . 
Mrs. Lawrence Clarke, 

Jr. 
B R. Ross 


1862-'63 
1859-'60 


Turk's Island 

Turk's Maud 

Turk's Island ..... 


Fort Rae. Great 

Slave L. 
Fort Simpson, Grt. 

SUveL. 

Little Whale River. 

Moose Factory 

Moose Factory to 

Lake Superior. 
Red River settlem't. 
Rigolet, Labrador 

JAMAICA. 

Upper Park Camp. 
Upper Park Camp. 

MEXICO. 

Ohlnamaca 

Cordova 


ie6l-*64 
1848-'61 


Turk's Ifil., Salt Cay 
Kniuian, N. P 


Thos. Richards 

Walter Dickson 

J. Mackenzie 

CoUuRanlOn 

Donald Gunn 


1861-'63 

1883 


BSRVDDA. 

Hamilton - - x . . -, 


Oapt Alexander, R.E. 

Royal Gazette 

James B. Arnold .... 

James Crawford 

Centre signal station, 
Royal Engineers, 
in Royal Gazette. 

John G. Calder 

W. Martin Jones, U. 

States consul 

Dr. W. Craigle 

J. WUliamson. (dlre'r 

Kingston Observ'y.) 

Colin Kankin 

Dr. A. Hall 


1862 


Hamilton 


1857-'6I 
185l>-'«) 

1855-»56 
1855 

1859 
1858-*60 


Bhelby Bay 

St. George's 

St. George's 

Ireland Island 

CANADA. 

Ollfton 


u. lyonneiiy.. ....... 

James G. Sawkhis... 
Col. W.B. Marlow.. 

Charles Laszlo 

J. A. HIeto 




'HamlliAn -t 


Frontera, Tabasco. 
Mexico 


Charles Laszlo 

Prof.L. C. Ervendberg 

Charles Lanzlo 

Dr. Chas. Sartorius.. 

Charlcti Laszlo 

Benjamin Crowther.. 
HermanBerendt,M.D. 

G. Murdock 


1862, '64 
1865 


KlnM^on ... 




1855-*56 


Mlctalpicoten 

Montreal 


Minltitlan 


1858-'60 


Mirador 


18G8-'68 


Montreal 

Niagara 


Thos. Blackwell 

H. Phillips 


San Juan BauUste. 

Tuspan 

Veracruz 

NEW BRUNSWICK. 

St. Johns 


18Cl-'64 
1867 


PortNeuf 


Observations publis'd 
in the Naturallste 
Canadlen. 

Dr. Chas. Smallwood. 

J. C. Baker 


1850 


St. Martin's, near 
MontreaL 


18S9-68 


Stanbridge 

Stanbridge 

Stratford 


NEWFOUNDLAND. 

St Johns 


*Jno. Delany. jr., and 

*E. M. J.Dflany. 

H. B. M. Milit'y Post 

Rev. R. C. Caswell, 

M. A. 

W. T. White, M.D.. 
*J. P.Kluge,M.D... 
*J. P. Kluge, M. D., 

and G. V. Rucker, 

M. D. 

J.Moses 




\.H.Gllmour 

C.J. Macgregor 

Magnetic Obseryatory 
Capt. J. H. Lefroy ... 

Felipe Valentin 

CN.Riotte 

Dr. A. Von Frantsius. 
Ofioina Central di 
Estadistlca. 

Antonia Canudas.... 

S. Cockbum 

£.Panlot 




Toronto .......... 


1857-64 


Toronto 


St. Johns 

St. Johns 






1849 
1868 


COSTA RICA. 

Limon 


NEW QRANADA. 

Asplnwall 

AspinwaU 

Asplnwall 

NICARAGUA. 




Sau Jos6 




Son Jo86 




San Job6..... 


1857-65 


GUATEMALA. 

Guatemala 

H0ND(7RA.S. 
Belize 


1865-'G6 

1868 

18CT 


TruxiUo 


16S5 
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METEOROLOGICAL STATIONS AND OBSEBVEES. 69 

List of Smithsonian meteorological stations and oftMir^ra—Continued. 



Name of station. 


Name of observer. 


Years of 

observa- | 

tions. 


Ndme of station. 


Name of observer. 


Years of 
observa- 
tions. 


HOVA SCOTIA. 

Halifax 


Royal Engineers 

Col. W. J. Myers, F. 
B.M. 

Board of Trade 

R.J Nelson 


1859.'61 
18«3-'65 

1854 1 
1859 
1858 
1843-'55 1 

1857-'ea 

1854 

186{V62 

1867-'68 

1859 

1855-'56 

1668 

1858 
1860 

1863-'64 

1857 

1854-'58 

1849-'51 

1800 

1866-'67 

1859 

185ft-'60 

18e7-'68 

1849 

185l-'52 

185I-'52 

1868 

18^6-'e2 

1868 

]854-'58 

1853 

1859u'61 

186fr.'6d 

1868 

1859-'60 

1854 

1849 

1859 

1849 

1851-'55 

1859-'6l 

1859-'60 

1866 

1866-'68 

1661 

1659 

lftfi7-'68 

1859-'eO 

1960 

1867 

1867 

1858-'59 

1866 

1853-'54 

1854-'55 

1^68 

1859-'60 

1649 

1851-'54 


ALA^A. 

Fort Yonkon 

Nnlato 


*R.Kennlcott 

W.H.Dall 


1861 


Halifax 


1866-'67 




Sitka 


Dr.Alex. H.Hoff.... 

H. M. Bannister 

J. M. Bean 


1867-'68 


Halifax 


St. Michaels 

St. Michaels 

Unalakleet 

ARIZONA. 

Fort Whipple 

ARKANSAS. 

Arkadelphla. 

Arkadelphia 

Benton ville 

Brownsville 

Bnckhom 

Doaksville 


1865*'66 


Halifax 


18C5-'6Q 




C. F. Hartt 


F.Westdahl 


1866-'67 


PIcton, (Albion 

Mines.) 
Windsor .......... 


Henry Poole 

King's College 

Acadia College 

Prof.D.F.HJggins... 
C.F. Hartt 


Dr. E. Conei^ U. S. A. 

Dennis Barlow 

Female College 

Paul Graham 

B. P. Coulter 

Annistead Younger.. 
Miss Sue McBeth.... 
Rev. Francis Springer. 

James T. Davies 

Robert Burrls,M.D.. 
O.F.Russell 




Wolfville 


1865 


Wolfville 




"Wolfville 




Wolfville 


Prof:A.P.S.Stuart.. 

George Latimer 

Charles Dorat,M.D.. 
Jonathan Elliott 

David Walker, M.D 

Thomas M. Barker .. 

Prof. John Darbv 

Dr.Cbas.F.Percival. 
Col. Horace Harding. 

W.J. Van Kirk 

Matthew Troy, M.D. 
H. L. Alison, M. D ... 

Dr. Sam'l K. Jennings 
Dr.T.C.Oubome.... 
A. Winchell 


1859 


PORTO RICO. 
Est San Tsidro . . . 


1860 

1859-'61 

ie59-'60 

1850 

1860 


SAN SALVADOR. 

La Union 


Port Smith 

GainesviUe 

Green Grove 

Helena 


1866-'CT 

1859 

1860 




1865-*68 


ST. DOMINGO. 


Jacksonport 

Little Rock 

Micco 


G.Alexander Martin, 

M.D. 
Philip L. Anthony... 
Rev. H.F.Buckner .. 
J. S. Howard 


1859-'60 




1849 
1860 


VAKCOUVKR'S ISL- 


Mountain Home... 
Perry ville 


186 L 


AND. 


W.H.BlackweU 

H. F. Hardv .... 


18S9-*61 


Victoria 


Perry ville 


1856 




Spring Hill 

Spring Hill 

Spring HIU 

Waldron 


P.P. Finley 


1859 


ALABAMA. 


J.Reynolds 


1859-*e0 


Ashville 


P. F. Finley and J. 

Reynolds. 
Geo. W*. Featberstone . 
Alex. P. Moore, M. D - 

Dr. N.D. Smith 

J.W. Weast 


I860 


Auburn........... 


1859-'60 


Benton ........... 


Washington 

Washington 

YellvillesL 

Yellville 


1861 


Boligee 


1849-'6l 


Bon Seoonn ...... 


1859-60 


Cahaba 


W.B.PUppin 

Robert Gordon 

SUa8Earle,M.D 

Robert B. Randall... 
T.R.Kibbe,M.D.... 
Rev.S.V.BlakesIee.. 


1859-'60 


Carlowville 

Erie 


CAUTORNIA. 
Auburn ......... 




Erie 


1859-'60 


Entaw 


Columbia 


1857-60 


Pish River 

Greensboro' 

Qreensboro' ....... 


W.J. Van Kirk 

Robert B. Waller.... 

N. T.Lupton 

H. Tutwiler 


Crescent City 

Downieville 

Folsom 


1859-'60 

1860 

1861 


Green Springs 

Havana 


Fort Yuma 


1867 


Prof.H.Tutwiler.... 

S.K Jennings, M.D. 

Rev. S. U. Smith.... 
R.T. Meriwether.... 

Dr.S.B. North 

Rev. J. J. Nicholson.. 
8. J. Cumming 

Rev. J. A. Shepherd. 

W.L. Foster 

Andrew J. Harris 

Thomas J. Peters 

Prof. J. Shackelford.. 

Ashley D. Hunt 

J. H. Shields 


Honcut 


J.SlavenandMr8.E. 

S. Dunknm. 
Mrs. B. S. Dunkum . . 
U.S. Naval Hospital. 
Francis M. Rogers. . . . 

Edwin Howe 

W.C. Belcher 

James H. Whitloek . . 
Colbert A. Canfield, 

M.D. 
M.D.Smith 


1859 




Honcut 


1860 


Havana, six miles 


Honcut 


186l-'C3 


east of. 

Livingston 

McMath's P. O 


Mnre Island 

Marsh's lianche.... 
Martinez 


1868 
18e7-'68 

1860 


Mobile 


MarysviUe 


1857-'59 


Mobile 


Meadow Valley.... 
Meadow Valley.... 

Meadow Valley... 
MokelumneHUl... 
Monterey 


1861-63 


Uonroeville 

Montgomery 

Montgomery 

Monlton 


1860-'63 
1664 

186^'68 


Wcj'ley K. Boucher .. 
Colbert A. Canfield, 
M.D. 

Epbralm Cntting 

W.W.Hays,M.D... 

« 
D. F. Parkinson 

Post surgeon . 1 

Dr. F.W. Hatch 

Drs.F.W. Hatch and 
T. M. LogHU. 

Dr. T.M.Logan 

Charles Craft 

W.0.Ayre8,M.D.... 

Dr. H. Gibbons 


18.'59-'6l 


Moulton 


185i)-'60 


Monlton 


Mnmhv's . . - 


1864-'«8 


Monlton Ti 


1868 


Opelika 


Presidio of San 

Francisco. 
Presidio of San 

Francisco. 
Presidio of San 

Francisco. 

Sacramento 

Sacramento 

Sacramento 

Sacramento 

San Francisco 

SanFrandsco 


1862 


Orvillo.... 


Dr. S.K. Jennings.... 
T. A. Huston and J. 

A. Coleman. 
William Henderson.. 

R. M.Reynolds 

Dr. S. K.Jennings... 
A. Comette, 8. J .... 
Prof M. Tnomey.... 

George Benagh 

J. L.Moultrie 

Rev. R, A.Cobbs.... 
Benj. F.HoUy 




Orville..... 


1863-'64 


Pmirie Bluff 

Prairie Bluir 

Selma 


1858--61 
1854 


Spring Hill 

Tnsculoosa 

Tuscaloosa 

Union Springs 

Uniontown 

Wetokaville 


1855 

1849-.'68 

1803 

18.')6-'63 

1865-'68 

1854-'55 
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METEOROLOGICAL STATIONS AND OBSEEVEES. 



List of SmithBonian meteorologieid itoHous mul observers. — Conttnaed. 



Name of station. 



MameofobieiTer. 



Tears of 

ob>«erv»- 

tiona. 



Name of station. 



Name of olxenrer. 



Tears of 

obMrTa- 

tioniL 



Caufornia— Con, 

Sftnta Barbara . . . . 

Suntv Clara 

Santa Clara 

Spanish Kaache... 
Spanish Rancho . . . 

Stockton 

Stocliton 

Union Ranche..... 



COLORADO. 



Central City... . 
Denver City.... 
Denver City.... 

Fountain 

Golden City.... 
Montgomiry ... 
Houn tain City.. 



CONITKCTICnT. 



Brookfleld.. 

Canton 

Colfbrook 

Columbia 

East Windsor Hill. 

Georgetown 

Groton 

Bartford 

Hiddietown , 



Middletown . 



New Haven.., 
New Haven.. 
New Haven... 
New London. 



N'>rthColebrook 

NorBicb 

Plymouth 

Pomfnt 

8aU»bnry : 



Saybrook 

Wiillinglord.... 

Waterbury 

"West Cornwall. 
Wlndbor 



DAKOTA. 



Fort Union., 
Greenwood.. 
Tancton . . . . 
Tancton.... 

Tancton . . . . 



DELAWARE. 



Delaware City... 

Dover 

Ge rgetown 

Lfwe* 

Mlllord...... 

Nti^aik «... 

K«iuaik 

KrWMlk 

Newark 



Newark., 



Newark. 



W.W.Hays, M.D.. 
Prof.<). S. Frombes. 

Lewis A. Gould 

M. D.Smith 

Mrs. M.D.Smith.... 
Dr. Uobei t K. Ried . 
Walter M.Trivett... 
W. L.Dunkum 

W. D.McLain 

D. C. Collier.. 

Fred. J. Stanton 

AthurM. Merriam . 

E. L.Bfrthoud 

James Luitrell 

Dr. William T. Ellis. 



SanfordW.Roe... 

JurvisCase 

Miss C. RiiekweU . 
W.G.Teomans... 
P. A. ChadUonme. 
Aaron B. Hull. ... 
Rev. £. Dewharst. 
Charles H. Hoadley.. 
ProC J. Johnston.. 



*Prof. A.W.Smith. 



H.G. DuBoisJr 

D. C. Lf aveiiworth . . . 

Prof. E. Cutler 

Rev. Tryon Edwards, 
D.D. 

M.H.Cobb 

N.Hcholfleld 

Dwight W. Learned . 

Rev. Daniel Hunt 

Dr. Ovid Plumb 



James Rankin 

BenJ. F.Harrison... 
Rev. R. O. WUliams. 

T.S.Gold 

R.U. Phelps 



F.G.RIter 

Freeman Norvell.... 

M. K. Arm. troiig 

Q.D. Hill, G.W. Law- 
son, U.G. WUliams. 
H. G.Williams 



Newa k 

Newark 

Wiiinhtgton . 



L.Vankekle 

J. P. Walker 

Dr.D. W.Maold.. 

John Burton 

R.A.Mariiu 

Prof. W. A. Norton 
Prof. E. D.Porter.... 
Prof.W. A. Crawford 
Pror.W.A.Crawlord, 

R. A Martin. 
Proi. W.A.Crawford, 

R. A. Martin, and T. 

J. Craven. 
Thoc. J. Craven and 

Mrs. E D. Porter. 
Mn«. b. D. Porter... 
Robert Ciawford .... 
* Urban D. Hedges 



1664 

1859-'6l 

18J9 

18e2-'6:) 

1804-'66 

i855-'56 

1867 

1858 



18e0-'61 

1859 

1863 

186<^'67 

1867 

1863-'65 

L8&/-'fl8 



1868 
I86l-'63 
1860-'<i8 
185ft-'6t< 
1853 
1855-'57 
186&-'68 
I84!^'5l 
1854. '58 
1859-'68 
1849, '51 
1852 
1^59 
1862-'64 
1849, '51 
1649, *51 
«1852-'58 
1849, '51 
1855-'58 
186-^-'64 
1853-'68 
1849, '51 
ie53-'54 
185a-'61 

ie5ft-'e2 

186W66 

1854 

1651 



1857-'58 
ie59-'6l 
18(i5 
186S 



1863 



1866-»e7 

1854 

1859 

lt<49 

1857-'58 

1849 

1802 

1854 

1855 

1656 



1857 

1856 
18.\6 
1863.'65 



DI8T. or COLUMBIA. 

Georgetown.... 
Washington.... 

Washington,... 

FLORIDA. 

Alligator 

AtittnaOtie 

Belalr 

C<darKeys 

Cedar Keys .... 
ChesnutHiU... 

Femandina 

Gainesville 

G«aon 

Qc«don 

Green Cove Spring 

Hibemia 

Jacksonville 

Key West (Salt 
Pond.) 

Key West (Mag- 
netic Observa'y.) 

Kty West (Msg- 
netlc Obwrva'y.) 

Knox Hill 

Lake City 



Lake City.... 
Lake City ... 
Micanopy ■ . . . 
Orange Uiils . 
Pensacola.... 



Pensaoola. . 
Pensaooia. . 



Pensacola. . 



Pensacola 

PortOrauge 

St. Augustine .... 

St Augustine 

Tallahi.rafee 

Tnlltthassee 

Tallah'afsee 

Uchee Anna 

Warrington 



GZORGLA. 



Athens 

Atlanta 

Atlanta 

AugUbta 

Augusta 

Augusta 

Boston 

Ciarksville 

ClttrksvUle.... 

Covington 

Gnlloden 

Cuthbert 

Daiton 

Danen 

Factory Mills.. 

Hillftboro' 

Macon 

Macon w 

Maeon 

Madiitnn 

MilledgeviUe.. 
BlilledgeviUe .. 

Peitfield. 

Perry 

PhUomath 



Bev.C. B.McKee... 
U.S.N. Observatory. 

J. Wlessner 

Edward R. Ives 

Hon. Aug. Steele .... 

Benj. F. Whitney 

Judge Aug. Steele... 

W. C, Ahdrus 

John Newton 

* Henry M. Corey. . . . 

James B. Bailey 

PC. Garvin, M D.... 

H.B. Scott 

G. A. B«>ardman ..... 

F. L. Bachelder 

Dr. AS. Baldwin.... 

W.C. Dennis 

George D. Allen 

G. F. Fergni^on, and 
J. G. Oltmans. 

John Nt^wton 

Ldward R Ives 

Galen M. Fisher 

Rev. W.W. Keep.... 
Dr. James B. Bean . . . 

John Nt wton 

U.S.Navy Yaid 

J.Pearson, U.8.N... 
J. Pearson and Lieut. 

JoMj, h Fry. 
Lieut. Josi'ph Fry. . . . 
Lieots. J OS. Fry and 

J. W. Hester. 
Liiut. J. W.Hester... 
J. M.Huwks.M,D... 
Dr. John E. Pet k . . . 
P. B. Mauran,M.D.. 

Benj. F. Whitner 

W.S. Bogirt...* 

Lai duer U.bbon 

John Newton 

Thayer Abert 



Prof. John D. Easter 
J. G. Westmorehiod 
Fred. Dt ckner &. Son 

William Huims 

WiUiHui 8chl<y 

Wm.H. Doughty, M.D 
Rev. W. Blewitt . 
JarvinVanBuren. 
Col. J. R. .Stanford .. 
Betjumin F. Camp .. 

John Darby 

Charles C. Seavey . . 

J. R. McAfee 

Cliarles Grant 

F. T. Simpson 

KliS. Glover 

Mii«s L. J. Whitney . 
John A Rockwell . . 

J. F. Adams 

Prof.Wm. D.Williams 

J. M. Cottiug 

Prof. C. W. Lane... 
Prof. J. E. Willet... 
Dr. Geo. P. Cooper.. 
James M. Reed... 



180O-'63 
185;^-^ 
1864-'67 
1857-'38 



1857-'5B 

1859-*6i 

1857-'58 

i85l-*5e 

1867 

1851 

1867 

I855-'«l 

1866 

ie66>'eB 

1868 

1857-'58 

18Sa-'60 

]66r^'68 

1654-'64 

18G0-'61 

1861-69 

1852-»53 

1850-'e0 

186&-'6B 

1867 

1^68 

18J8-*eO 

1854 

1849 

1857-'60 

1851-54 

1855 

1856 
1857 

1856 

I867-'66 

1849 

18n6-'e0 

18a9-'61 

1852 

185d-*60 

1849 

ibJSKao 



ie57-'5» 

1859-'60 

lt565-'68 

1854-57 

1854 

1858-'60 

I8(i5-'68 

18.i9-'6I 

1859 

I859-'6l 

1852-'53 

18bU 

lefil 

1H49 % 

1^7 

1857-*SB 

ie<i8 

1868 

lb68 

1854 

1849 

1849 

1852 

1857 
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Name of station. 


Name of observer. 


Years, f 
observa- 
tions. 


Name of station. 


Name of obsonrer. 


Years of 
obnerva- 
tiona. 


GBOKGIA—Con'd. 
Powi llt>»n 


P. C. Pendleton 

* Dr. John F. Posey 

R. T. QiUiton 

Dr E. M. Pendleton 
Stephen Elliott Ha- 
bersham. 

Dr. Jani< B Anderson. 
Rev. W. Blewitt .... 
Dr. W.T.Grant... 

R. T.Gibwm 

Mrs. J. T. Arnold... 

W.W. Johnson 

M. C. RoHHcan 

J. H Flnfrock 

Col. W U. CllinB... 
A.F.Ziegler, M. D.. 

Warren Olds*. 

Edgar P. '1 hompson • 

8. Y. McMasters 

Norton JohuMou 

E. H. Bowman, M.D. 

Joel Hall 

Dr. S. B. Mead 

* Andrew J. Babcock 
Abiram Spauliii. g .. 
Prof. Wm Coffin ... 
•Thomp'uM»-Bd,M.D 
E. Capt'u 


1852 

ia'52--59 

1859-'ei 

185a--61 

1868 

1855-'60 

1860 

1858-'59 

1849-'58 

1807-59 

1859 

1863 

1864 

18C3-'64 

1865 

1861 -'62 

1857 

1849 

1849 

ie«6-'68 

lesi-v* 

1849-50 

1851-68 

1837-'6l 

1865-'68 

ia'>3-'54 

1857-'6l 

185&-'ri9 

ie61-'<W 

18flO-'63 

1861 

1862 

1868 

1859-'61 

18i:5-'58 

18.19 

1857 

1859 

1865 
1860 
1861 

la^i 

l856-'57 
185»-'68 
186U-'61 

1860-'61 

L863 

l&ti2 

1862 

18ti:i-'64 

1866 

1867-'68 

l864-'b6 

1866 

185i»-*63 

1|:'«7 

1861-'6--i 

1865-68 

1864 

1858 

1857-*61 

1858-'6l 

1862-'63 

18(kW68 

18b-4-'tJ8 

1858 

1859-'60 

1864 


ILUNOK— ConU 
Evanston 


*W.H. Morrison.... 

H. W.Scovill 

JOK H. Gill and others 

Fred. J.Huse 

Prof. Oliver Marcy... 

Elmer Baldwin 

I-HocH. Smith 

EmilHnuser 

Prof. Wm. Livingston 
Rev. Wm. V. Eldridge 

L. G. Edgerly 

J. L. Jenkins 

Henry GrifBng 

Smiley Sheppard 

A. F. Bandellerjr... 

John S. TItoomb 

J.Ellsworth 

O.J. Marsh 

Prof. Wm. Coffin.... 
Timothy Dudley.... 

A. H. Thompson 

Prof. N.E. C'bleigh. 
Timothy Dudley... 

Henry K. Smith 

John Grant 

John Grunt and MIm 

Ellen Grant. 
John & C. W. Grant. 
0. P. Rogers 


1864 


Sii vannah 


EvanstoQ 

kiva'-Hton ....... 


1864 


SuTaimah ......... 


1865 


Spirttt 

SuiuuieiTille 


Evan^ton 


186(>-'6T 


Evan»ton 


1866 


The Rook 

Thouia^ V ille 


Farmbrldge 

Fremont Centra... 
Gtilfua ..... ..... 


1860 

1857--S8 

185U-'60 


Tboiuhou .... .... 


Galesbnrg. 


1861-68 


'Whitf luarsh Island 
Zcbulon 


Golconda 

Grnnviile ......... 


1866-'ii8 
1854 




Granville 


lf57 


IDAHO. 
Cantonment Jordan 


HuzdDell... 

Hennepin...: 

Highland 


1863-'65 

1868 

1860-'64 


Fori Benton 


Hilioboro 


1656 


Fort HuUe'ek 


Ho ylton 


1864-'65 


Fort Lam mie 

FortLuraulo 

II.I.TK0I8. 


Hnylton 

Jacksonville 

Jacksonville 

Lncon 


1866 
1849 
1858 
1861 -'84 
1867 


Albany 


L'^banon.... .... 


]859-'6l 


Albion 


Loammi 


1867-68 


Alton ............. 


Magnolia 


1866-'68 


Alton 


Manchester 

Manebester 

Manchester 

Marvnso 


1854-'61 


Andalusia ........ 


1862-'65 


Athens 




Augusta 


1866-'68 




185<>-'5d 


Aurora 


Mnrengo 

Monroe 


O.P.&J. 8. Rogen. 
P. Rogers 


1868 


Aurora. .......... 


18. 9-63 


Batavia 


18r>5-'66 


Batavia 


1868 


Batavia 


Silas Meacbam 

Rev. Alex. Duncan.. 

Lewis Ellsworth 

Milton S. Ellsworth.. 
Rev. Wm. V. Eldridge 

C. H.Bryant 

Rev. H. H. Bricken- 

stein, 
J. S. Pashley.M. D.. 

Dr. J. 0. Harris 

Geo. 0. Smith. M. D. 
Samuel L.Shotwell.. 
Mm. Emily H.Merwin. 
C. Leving 


1849 


Bat avia . .......... 


Frauk Crnndon 

N. T. BaktT 

Dr. John J. Patrick.. 
Dr. J. J. I'atrick and 

N. T. Baker. 
G. B. Moss 


Mount Sterling.... 

Nupervilie 

Naperville 

N« wton 


1866-'68 


Belleville 


1859 


Belleville 


185»-*e0 


Belleville 


1859 


Belvidere 


North Prahrio 

Olney 


1862 
1860 


BloomingtOD 

Bricrhton ..... 


Jesse Allison 

Wm, V. Eldridw.... 
Mrs. Wm. S. 1 h«mas. 
Samud J. Wallace... 
Mrs. E. M. A. Bell. 

&SamUJ WallHce. 

H. A. Schauber 

R^v. D. H. Sherman. 

Dr. Jos. Fitch 

Henry 1 blctitt 

G. D. Hl>cox 

Samnel Brookes 

M. C. Armntroug and 

J. H. R<ie. 
Gnstuve A. Boettner. 

A. M. Byrne, J. H. 
R«<e, and others. 

John O'Donoghoe 

Arthur M. Byrne 

Isaac A. Pool 

JoiiuG. Lauggutb,Jr. 
U. H.Mooie 


Osceola 

Ottawa 

(ittdtva 


1860-'6l 


Carbon Cliff 

Carthase 


185a-'6l 
1859-'60 


Carthage 


Ottawa 


1860 




Ottawa 


1862.'6B 


Centralia ....... 


Purls ............. 


1868 


Channahan 


Pekin 

Peoria 


J. H. Riblet 


18.')7-*65 


Dr. Fred. Brendel ... 
M. A. Breed 


1855-'68 


Chicago 


Peoria 


18()i-'6S 


Chicago 

Chicaco ... . .... 


Plymouth 


Dr. J. B. N. Klinger. 
Rev. G. B. Giddhigs 
B. C.Williams 

E. Babcock 


1852 


Quincy ....... .... 


1849 


Chicago 

Chicairo 


Ridg« Farm, Ver- 
milion county. 
Riley 


1868 
185e-'67 


Chieaffo - ........ 


Robin Pon's Mills... 
Roehelle, (Alta)... 
Roekford 


E. Bnmlel, M. D.... 

Daniel Carey 

William Holt 

N E. BmIIou. M.D.. 

F ank Baker 

H. C. Spaulding 

H. C. Freeman 

Geo. W. Brinkcrhoff . 

Verry Aldrich 

Prof. P. P. Brown... 
* L>T. John James. . . . 
Anna James 


I860 
1866-'6B 




1849 


Chicago 


Sundwich 


1859--68 


Chicago 


South Puss 

South Pass 

South Pawi 

Springfield 

Tiskiiwa 


1857-'58 


Chicago 


ie62-'C6 


Chicago 


18b-7-'68 


Clinton • 


1865-'68 


D«Kalb 


JohuD. Parker 

J. Thos. Liitle 

Ralph E. Meeker.... 

Wm. C Spencer 

C. Zlegli-r 


1859-'68 


Dixou 


Upper Alton 

Upper Altrm 

Upper Alton 

Upper Alton 

Wapella 


l85l-'53 


TVon train 


185:>-'39 
1W7 


Dubois 


Mrn. Anna C. Trible . 

T. Louis Groff 

Bei)j. Whltaker 

.H. Knnstor 


1861-64 




iSrtS 


Eflgiir ctmuty 


J. W. Brown 

Dr. B H. Bowman.. 
Jno. B. Newcomb . . . 
OrobtesA. Biunehard. 

W.H.Adams 

*H. G. M.acham.... 
Chiw. E. .Smith 


VVurbUW 


1855-'58 


Wuturloo 


*. 1865 


Elgiu 


Waukegan 

Wttverley 

Wayuesvillo 

Wl■^t SaUm 

Wheaton 


Dr. Wm. Joslyn 

Timdihy Dudley 

Joshua E. Cantril 

Htnry A. Titwj 

JohuSwuio, M. D .. 
1 Prof. Geo. U. CoUior. 


1867-'68 


Elmlra . ........ 


1849 


Elmore 

Evanston 

Evunston 


lW>5-'66 
18.'>8-'59 
18.')5--60 
lfc57-'59 
185S-61 






*^ 
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Name of stetton. 


Name of observer. 


Yean of 
observa- 
tions. 


Nome of station. 


Name of observer. 


Years of 

observa- 
tions. 


Illinois— Con'd. 
Willow Creek 


B. E. Bacon 


185©-'63 

1862 

ie58-'68 

1859-*61 

1864 

I865-'68 

1864-'65 

1859 

1866-'68 

1865-'66 

1864 

1865 

1868 

1854-'63 
1856-'61 
1868 
1865-'68 

1857-'58 

1649 

1860-'6l 

185l-'54 

1859-'63 

1861-'65 

ie64-'65 

1866-'67 

18e7-'68 

1868 

1854 

1854 

1868 

1854 

1854 

1865 

1849 

1861 

1857-'58 

1859-»61 

1863 

1854 

1864-'66 

1865 

ie66-'68 

1857-*58 

1859-'60 

1853-'55 

1859 

]86:^-'64 

1866-'68 

1855-'58 

1859 

1863-'65 

1849 

1863-'65 

1854 

1853-*e8 

1849-'51 

1867 

1851 

1859 

1864 

1864-65 

1867-'68 

1849, '51 

1851-'55 

185I>-'6I 

185S-'59 

1859-'63 

18C2-'63 

1865.'68 


lNDLANA--Con'd. 

Roekvllle 

RockviUe 


H. H. Anderson 

J.W. Tenbrock 

J.T.Bullock 

Prof. Gardner Jones . 
Prof. Thos. Vagnler.. 

Miss G.Webb 

James H. Dayton 

Reuben Burrnughs. . . 
Prof. S. H. Thomson. 

Wm. Dawson 

Charles G. Boemer.. 
W.W.Austin ... 

Pft>f.A.G. Moflatt.. 
P. P. Brown 


1858-'86 

1859 


WUlow HiU 


Henry GriflSng 

J. W. Tolman 

Geo. R. Bossett 

B. 8. Phelps 


Winnebago Depot. 

Woodstock 

Wyanet 

Wyanet 


Shelbyville 

South Bend 

South Bend, (Notre 
DameUnlver'y.) 

South Bend 

South Bend 

South Bend 

South Hanover 

Spiceland 


ift)9-'e2 

1851 
1858-W 


E. S.Phelps and MlsB 

L. E. Phelps. 
V. P. Gay 


YorkNeek 


1859 

1860-V3 

1863-'65 

1849 

186.3-79 


INDIANA. 


Geo. Sutton, M.D... 

Miriam Griest 

Wm. li. Hobbs 

MlsHM.A.Hobbs.... 
Prol C. M. Dodd, 

assisted by T. H. 

MaUow and others. 

Wm. Dawson 

Hamilton Smith, Jr. . . 
Charles M. Hobbs.... 
Dr. F. McCoy and 

Miss Lizzie McCoy. 

JohnF. Crisp 

Prof. A. C. Huestls .. 

Miss G.Webb 

Prof. Jos. Tlngley... 

Wm. H. Larrabee 

* Royal Mayhew.... 
W.W. Butterfldd... 
W. W. Butterfleld 

andMr8.Butterfleld. 

W.J.Elstun: 

Albert C. Irwin 

W.B.Coventry 

J. Knauer 


Aurora 


Vevay 


1864-*08 


4<l- 

Balbeo 


Walnut HUls 

INDIAN TERM. 
TORT. 

Armstrong Aeade'y 

Doaksville 

Talequah 


1849 


Bloomington 


1849 
1849 


CadlB 


T. B. Von Home.... 

F. McCoy. M.D 

F. McCoy and Miss 
ElUabeth McCoy. 

Philip Dorweiler:.... 
James H. Warren . . . 

B. Carpenter 

Isaac M. Gidley 

JohnC. Forey 

B.Babcock 

G. C. and W. K. Goss 

WulK-Gobs 

Samuel Woodworth . 

John M. Corse 

Louisa P. Love 

Mrs. James Love 

JohnM. Hagensick.. 
6. H. Kridelbangh. 

M.D. 
Nathan H. Parker... 

P.J. Famsworth 

Wm. O.Atkinson.... 
Nathan H. Porker.... 
A. J. Finley 


1849 


Cancel ton .^ -...,,, 


IOWA. 

Algona 




Carthage 




Colombia 






1P60 


Bvansvllle 


Alffona 


1861-65 


Fort Wayne 

PortWayne 

Greeneastle 


Algona 


1866-*68 


Algona 


1867'-'68 


Greencastle 


Atalissa 


1867 


Indianapolis 

Indianapolis 

Indianapolis 

Jalapa 


Bangor 


186I-*63 


Bellevue 


185G-*60 


Boonsboro 

Border Plains 

Border Plains 

Bowen'u Prairie ... 

Burlington 

Burlington 

Burlington 

Ceres 


ise?-'©) 

1856 
1857-'59 

1868 


Kendallville 

Kendailville 


1859-'60 
1866-'68 


Knightstown 

Lafayette 


D. Deem 


1868 


A. H. Bixby 


1865-'68 


Lafayette ........ 


H. Peters -. 


Clorlnda 


1865-'66 


Lafayette 


Isaac E. Windle.... 

R.M. Newkirk 

W. W. Spratt, M. D. 
Charles B.La8eUe... 

Isaac BarUett 

ThosB. Hehn 

C. Barnes 

Rev. Samuel Collins. 

Oliver Mulvey 

Thomas Holmes 

C. S. Woodard 

W. Woodbridge, B. 

D. Angell, and H. 

Blake. 

Dr. V. Kersey 

Q«o. C. MunHeld.... 
E.J. Rice 


Clinton 




Laporte 


1856-*58 


IjCo 


Clinton 

Dakota y.. 

Davenport 

Davenport 

Davenport 

Davenport 

Davenport 

Davenport 

Davenport 

Davenport 

Davenport 

Davenport 

Davenport 

Davenport 

DesMohies 

Dubuque ^.. 

Dubuque, (Alex- 
ander College.) 
Dubuque 


1866-*C8 


Logansport 

Logansport 

Logansport 

Hadiiion 


1867-'68 

1858 

1859 


H. 8. Finlev 


1859 


Madison 


H. S. Finley and W. 
P. Dunwoody. 

J. Chamberlain. W. 
P. Dunwoody, H. 
H. Belfleld. 

Dr. Ignatitt:} Langer . 

H.H. Belfleld and W. 
P. Dunwoody. 

J. Chamberlain and 
W. P. Dunwoody. 

J. Chamberlain 

Geo. B.Pratt 

G. B. Pratt and Syd- 
ney Smith. 

D. 8. Sheldon 

Rev. J. A.Nash 

Dr. AsaHorr 

Rev. Jpshoa Phelps.. 

Dr. W. W. Woolsey . 
Dexter Beal 


1860 


Madi«on 






1861 


Michigan City 

Michigan City 

Milton 


1861 
1862 


MishawBka 

Muncie 


1663 


Moncie . .......... 


G. W. H. Kemoer ... 
C. Bamos ' 


1864 


New Albany 

New Albany 

New Albany 

Newcastle 

NewOastle 

New Garden 

New Harmony — 
New Harmony 

Newport 


1865 


Dr. Alex. Martin.... 

Dr. E. S. Crozler 

Prot Jos. Tlngley... 
Thos.B. Reddtog.... 

D. H. Robert* 

John Chappelsmith .. 
Dr. D. D. Owen 

Daniel H.Roberts... 

A. P. Tamer 

John Qiiest 


1866 

1867-'68 
18S5-"67 
1851-'55 
1H57-68 
1854 

1856 


Patoka 


Fairbanks 


is-ie 


Pennville 


Falrfleld 


J. M. Shaffer 

MhwSueMcBeth.... 
JohnM. McKenzle... 

A.F.Bryant 

Daniel Sheldon 

Daniel McCready.... 

Dexter Beal and W. 

W. Beal. 
Dexter Beal 


18.:i(i-'60 


Renfw^laer ........ 


J.aLoughrldge,M.D 

Dr. Jno. T. Plnmmer 
W.W.Austin 

Joseph Moore 

John Hnines 


Fairfield 


ia')9 




Faj'ette 


ISoO-'fiO 


Richmond ......... 


Fontanelle 

Forreutville 

Fort Madison 

Franklin 


18fi6-'68 


Richmond. . ....... 


1859-63 


Richmond 


1853/54 
1855-'68 


Richmond 


1857 


Richmond.. < 


Edward B.Rambo... 
John Valentine 


Franklin 




Richmond 


ifisa 
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List of SmUhionian metearologieal »UUian$ and olserven^Confannod, 



Name of station. 


Name of observer. 


Years of ; 
observa- 1 
tions. 


Name of station. 


Name of observer. 


Years of 

observa- 

Uons. 


Port Dodge 

Grove Hill 

Grove HiU 


Dexter Real 

Dexter Beal and W. 
W. Beal. 

Mrs. Celia Beal 

Philip Dorweiler 

James P. Dickinson . 

Jacob F. Stem 

H. B. Williams 

D. S. Deering 

Alex. Camp Wheaton 
Mrs. D. D. Wheaton . 
Geo. Wamo, M. D... 
Hermann H. Fnlrall . 

W. Reynolds 

Prof. Theo. 8. Parvin 
Nathan Townsend. . . 

Miss Ida E. Ball 

Dr. J. E. Ball 

Prof. K M. Taylor.. 
Wm. P. Leonard.... 
Isaiah Reed 


1867.'68 
1859-'«) 
1861 

18G2 

1864-'C6 

1866-'68 

1866-'68 

1860-'6l 

186l-'67 

1862-'66 

186r>.'G8 

1867-'68 

1856 

1657-'58 

ie61-'68 

18C3-'68 

1851-'54 

1&)3 

1866 

1862 

1860-'61 

l«59-'67 

1862-65 

1866 

1865-'e6 

18G7 

l8CT-'68 

1864-66 

1866-'68 

186.V64 

1857 

1860-'68 

1849-'50 

1851 -'53 

1855-'59 

1853-'54 

1860-'64 

1860 

1861-'e2 

1863-'68 

1804 

186t>-'67 

1854-'56 

185^-65 

1858 

1855 

1859 

1853-'54 

185.V56 

1868 

1857-'59 

1857-'58 

1861-'63 

1853 

186l-'63 

1861 

1859-'64 

1864-'68 

1867-*68 

1865-'68 

1866 

18U7-'68 

1859-'6l 

1858 

1859-'60 

lft)7-'58 

1865-'C8 

1862 

1839-'60 

1862-'64 

1865 


KANSAS-Con'd. 

FortRUey 

Gardner 

Gardner 


J.M. ShaiferandE. 
P. Camp. 

G. F.Morriam 

James ScoH ......... 


18G6 

1860 
1861 -'63 


Grove HIU 


Hoi ton 


Dr. James Waltcra . . 
E.W. Seymour, M.D. 

G. W.Brown 

W. J. R. Blackman.. 
A. N. Fuller 


18fi7-G8 


Gnttenbnrg 

Guttenburg 

Harris Grove 


Junction City 

Lawrence ........ 


1802 J 
18:)7-'5& 


Lawrence.... .... 


18CU-'6l 


Hesper 


Lawrence 

Lawrence 


18G':-'04 


Independence ..... 


W. LG. Soule 

Geo. W. HoUlngworth 
Prof. P. H. Snow.... 
H. D. MoCorty 

E. LBerthoud 

M. Shaw ;... 


186:)-'G4 


Lawrence 


1867 


Independence 


Lawrence 


1868 


Independence 

Iowa City.... 


Leavenworlh 

Leavenworth 

Leavenworth 

Leavenworth 

Leavenworth 

Lecompton 

Lecompton 

Lecompton 

Leroy. ............ 


1857-'59 

1808 


Iowa City 


18n8-"60 


Iowa City 


181 ; 1-69 


Iowa Falls 

Keokuk 


Dr. J. Stayman 

T.B. StoweU 

Dr. Wm. T.Ellis.... 
Wm. A. McCormick 

David G.Bacon 

J. G. Shoemaker 

Isaac T. Goodnow . . . 
Rev. N. 0. Preston . . 
L T. Goodnow and 

H. L. Denison. 
Henry L. Denlson ... 
Agricultural College, 

(B. F. Mndge, and 

and others.) 
S. O. Himoe. M. D .. 
J. 0. Wattles and 

Celestia Wattles. 
B. F. Goss 


1866-'68 
1868 


Keokuk 


18o9-'60 


Keokuk 


isno-'ei 


Kossuth 


18G6 


Kossuth 


1867 


Lyons 


A. T. Hudson. M. D 
P. J. Fomsworth.... 

Dr. J. Messman 

♦AUenMead 

Edward P. Hobart... 
H. Wadey 


Manhattan 

Manhattan 

Manhattan 

Manhattan 

Manhattan 

Mapleton 

Moneka 


1857-'e8 


Lyons 

Lyons 


1859-'60 
1863 


Manchester 

Haquoketa 

Marble Rock 


1864 
1865-'68 


Montieello 

Monticello 

Mount Pleasant.... 
Mount Vernon .... 


Chauncey Mead 

M.M.Moulton 

E.L. Brlgffs 

Prof. B. Wilson Smith 
Prof. Alonzo Collins . 
T.S. Parvin 


1857-'58 
1859 


Mount Vernon 

Mnscfttinfl 


Neosho Falls 

Neosho Falls 

Olatha 


1859-*6I 




P. G. Parvin 

Snel PoHter 


Mrs. E. W. Groesbeck 

W. Beckwith 

0. H. Brown 

P. W.Giles 


1868 
1864-68 


Muscatine 


Ridgeway 

Topeka ........... 


1863 


Muscatine 


1858 


Muscatine . 


T. S. Parvin and Rev. 

John Ufford. 

Rev. John Ufford 

JoKiab P. Walton.... 
Richard Stebbins.... 

Rev. Alva Bush 

E. H. A. Scheeper... 
Townsend McConnell 
Rev. B. F. Odell .... 
B.F. Odell and Miss 

Mary G. OdelU 

Rev. 6. P. Odell 

Dr. B.F. Odell 

Dr. E. C.BidweU.... 

Oscar L Strong 

Carlisle D. Beaman.. 

Dr. J. J SavUle 

A. J. MUlard 

D.E.Read 

Gregory Marshall.... 
C. R. Boyle 


Wyandot 


JohnH. MiUar 

Dr. John Swain 

* John H. Lunemann ■ 

ThOH. H. Miles. 

ThoM.H. Miles 

Dr. CD. Case 

J. E. Yonnglove 

F. C. Herrick 

Dr. Samuel D. Martin 
Rev. T. H. Cleland-. 
0. Beatty 


l859-'60 




KBNTOCKT. 

BallardsvUle 

Bardstown 

Bardstown 

Beech Fork 

Bo wUng Green.... 

BowUng Green 

Chile8burg....%... 
Cltoton 




Muscatine 




Onowa 


1853-'56 


Osage 


1860-'6S 


PeUa 


la^iS 


Pleasant Plain 

Pleasant Spring... 
Plum Spring 

Plum Spring 

Poultney 


1859 

1860--61 
1860 
1849-'50 
185 i- 58 


Quasqueton 


i852 
1865-'68 


EosBvUle 


1868 


Sioux City 

Sioux City 

St. Mary's 

Washington 

Waterloo 


DanviUe 


1853-'eS 


Danville 

Dronnon Springs.. 
HardUisburg 

Hardinsburg 

Lexington 

Lexington 


R.H.CaldweU 

Prof. 8. Y. McMasters 
Mrs. Mary A. Walker 
and J. C. Barbage. 
Joshua C. Barbage . . 
J D. Shane 


1863-'68 
1864 
1851 
1859 


L. H. Doyle 




Waterloo 


T. Steed 


1860-'61 


Whitesboro 


David K. Witter 

• 

Dr. H. B. Horn and 
Miss Clotilde Horn. 

Allen Crocker 

Ingraham & Hyland . 

•LudanFish 

Wm. H. GUman 

Rev. J. H. Drummond 

KdmundFish 

A. Woodworth, M. D 

C. F. Oakfleld 

Rev. David Clarkson. 

Dr. Fred. P. Drew, 
U. 8. A. 

Post Surgeon 


1854 


XARSia. 


Rev. S. R. WUUams . 
W. S. Doak 


1859 

18C7-'68 

186.W66 


Atchison 


Louisville 


Rov. 8. R. WiUiams . 

E.N.Woodruff 

£. L. Berthond 

Rev. J. Miller 

Rev. J. MiUer, Rev. 

G. S. Savage. 
Dr. Gno. 8. Savage . . 
Prof. M. G. Williams. 
Jos. McD. Matthews, 

D. D. 

J. GrinneU 

Andrew Mattison.... 
L. G. Ray 


185f<-'59 




Louisville 


18() ,-'63 


Avon 


MavsvIIle 


li<r>2-'54 


Baxter Springs 

Barllngnme 

Cayuga 


Miliersburg 

MiUersburg 

Miliersburg 

Newport .......... 


183:} 
1854 


CelestviUe 


1855-'68 


Council City 

Council Grove . . . . 

Emporia 

Fort Riley 

Port Riley 


1801 


NicholasvUle 

Nolin 


1861-'63 
1858 


Padncah 


1959-'69 


Paris 


J8;>l-'59 


Fort Riley 


PleasfmtVaUey ... 


A. H Bixby 


1853 




*^ 
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List of Smithsonian meteorological stations and observers— Continned. 



Nome of station. 



Name of obienrer. 



Years of 

obMerva- 

tions. 



Name of station. 



Name of obseirer. 



Yi-.in of 

obHfrva- 

t^uas. 



Kentdckt— ConU 



Prospect Hill 

RuHseUviUe 

SpriDgdale, (near 
Louisville.) 



Maink— GonU 



TaylorsTllle.... 

LOUISIANA. 



Benton 

Fulls River 

Grand Gotean 

Independence . . . . 
Independence . . . . 

Jackhon 

New Orleans 



New Orleans.. 
New Orleans.. 



New Orleans 

New Orleans 

New Orleans 

St. FranclsviUe... 

Tri liy 

Trinity..- 



yidaUa plantation 

MAIKK. 



Bangor 

Bangor 

BilfaHt 

Bethel 

Biddeford 

Blddeford 

Blue Hill 

Blue Hill 

Brunswick 



Bncksport . . 

Carmel 

Castine 

Cornish 

Cornish 

Dexter 

Eattt Exeter . 
EastVVilton . 



Exeter 

Foxcroft .. 
Freedom . . 
Fryeburg . 
Gardiner . . 
Gardiner . . 
Gardiner . . 



Gardiner . 
Hartland. 



Hiram 

Hottlton 

Lee< 

Lee 

Limington 

Lisbon 

Monson 

Newcastle 

New Sharon .... 
North Belgrade.. 
North Bridgeton. 
North ProKpect.. 
Norway 



O. Beatty 

E. &1. Murch 

Mrs. L. Young 

H. C. ICatbis 

J. H. Carter 

A. W. Jackson, M.D. 

B. F. Anthonios 

Col. C..B. Swasey ... 
Mrs. M. J.Mankard.. 
Prof. W. P. Riddell.. 
*Dr. £. H. Barton.. 

Lewis B. Taylor 



Dr. S. P. Moore, U. 

S A. 
HarriKon Thompson . . 
Robert W. Poster... 

E.'L. Raulett 

B. R.Giflford 

A. R. Kilpatrlck, M. D 
Edward Mt'rriU,M.D. 

Rev. A. K. Teele.. 



Stephen GHman . . . . . 

C.L.Nlchol» 

G. Emerson Brackett 
Rev. A.G.Gaines... 
J.G.Garland 



P. A. Small 

Rev.8.H.Merrm... 

H.H.OMgood 

*Prof. Parker Cleave- 

land. 
Rnftis Buck 



J.J. Bell 

Dr. J. L. Stevens 

G.W.Ouptill 

Silas West 

B F.Wilbur 

Stephen Oilman 

Henry Reynolds, and 
Lauristnn Reynolds. 

Dr.J.B. Wilson... 

M. Pitman 

E. A.Buller 

G.B. Barrows 

* Hon. K. H.Gardiner. 

Rev. F. Gardiner 

Rev. F. and R. U. Gar- 
dinei'. 

RH. Gardiner 

E. E. Brown, S. W. 
Hall, L. S. Strick- 
land, and others. 

Peleg Wadswortb 

M:lton Welch 

Benj. H.Towle 

E. Pitman 

W.G.Lord 

Asa P. Moore 

B. F.Wilbur 

C.L. Nichols 

J. P. Pratt, M. D 

A. H.Wyman 

M.Gould 

Virgil G. Eaton 

G.W.Verriil,jr 



1849-'51 

1860 

1849-'50 

185 1 -'55 

18.->7-'68 

1866 



1867-'68 

1859 

18r>0 

18o9 

1860 

1854 

1849, '50 

1851-57 

1856-'57 

1859, '61 

1860 

1861 

1867-'68 

1868 

1856 

1856-'59 

1856-'58 

18(iO 

1867 



1849 

18o9-*60 

183i)-'64 

186l-'6-2 

1849-*50 

185l-'53 

l&'}4 

1854-55 

1864 

1849-'59 

1849-'50 

185l-'52 

1853-57 

1851 

1855-'68 

1857-'68 

18fiO-'63 

1858 

1861-*63 

1860-'61 

1863-*64 

1859 

1849-'56 

]855-'64 

1864 

1865 

1866-'68 
1859 



1849-'64 

1849 

1866-'67 

1864-'66 

1859-'61 

1859-'68 

1856-'59 

1859 

1860-'62 

1859-'60 

1860-'6l 

1867 

1859-'61 



Oldtown . 



Oxford 

Pattin 

Pimbroke 

Perry 

Portland 

Portland 

Rumford Point . . . 

Sebec 

South Thomaston 

Standlsh 1 

Steuben 

Thomaston 



Topsham 

Vassalboro 

Warren 

Wibrter 

WestWaterviUe.. 
Whitehead 



WilllamHbnrg . 
WlUiAmsburg.. 
Wyndham.... 



MARYLAND. 

Agrlcult'l College, 
Pri ce George Co. 

Annapolis 

Annapolis 

Annapolis 

Baltimore 

Baltimore 

Btudenttburg 

Catonsvlllo 

Chchtertown 

Ghestertown 

Chestertown 

Chestertown 



Cumberland 

Ellicott's Mills. 
Emmlttsburg... 
Emmittsbnrg . . 

Frederick , 

Frederick 



Frederick 

Hngenitown... 
Lcitertiburg ... 
Leitersburg . . . 
Loonnrdtown . 
New Windsor . 
Now Windsor . 
Nottingham.... 

Oakland 

Port Deposit.. 

Ridge 

Sandy Hill.... 
Sykesville 



Sykosville . 



Sykesville 

Sr. Inigoes... 
Union Bridge. 

Walkersville . 
Woodlawn... 



MASSACHUSETTS. 



Amherst. ...... 

Baldwinsville . 
Barnstable .... 



Rev.S.H.MerriU... 

Howard D. Smith 

S. Eveleth 

Rev. E. Dewhurst — 
William D.Dana... 

Henry Willis 

John W. Adams 

Widiio Pettingill 

Edwin Pitman 

Joiiliun Bartlott 

John P. Moulton 

J. D. Parker 

Geo-ge Prince and 
Chr. Priuce. 

Wiirren Johnson 

J times Van Blarcom . 

Calvin Bickford 

Aim on Robinson .... 

B. P. Wilbur 

Joshua Bartlett 

Edwin Pitman 

E. Pitman 

Samuel A. Evoleth . 



Montg. Johns, M. D . 

Prof. W. P. Hopkins. 
A. Znnibrock, M. D. 

W.R. Goodman 

Dr. Lewid F. Stelner 
Prof.AlfredM. Mayer 
BenJ. O. Lowndes. 
George S. Grape.. 
James A. Pearce. jr. . . 
Prof. A. W.Clark... 

Rev.A.Suttou 

Prof. J. RusseU Dnt- 
ton. 

T.C.Atkinson 

Philip Tabb 

EU Smith 

Prof. C. H. Jonrdan . . 
Dr. Lewis F. Steiner. 
Henry E. Hanshew . . 



Miss H.M. Boer.. . 
Rev. J. P. Carter.. 

Lewis J. Bell 

Juc-bE. Bell 

Dr.Alex.McWUliams. 
Prof. J. P. Nelson . 
Prof. J. F. Magniro... 

A. P. Dalrymple 

L. R. Cofran 

Henry W. Thorp..... 

T.G.Stagg 

Isaac Bond 

Prof. William Baer... 

Prof. Wm. Baer and 
Miss H. M. Baer. 

Miss H.M. Baer 

Rpv. Jas. Stephenson 

Warrington Gilling. 
ham. 

Josiah Jones 

James O. McCormlck 



Prof. E. 8. Snell 

Rev. E. Dewhurst 

B. R. Gifford. 



1849-'68 
18t>3-*65 

digitized by VjOOQIC 



1849-'50 

je.-i-'53 

JKf.8 
1849 
mr2 

ie.->.V60 

iP5y-'6i 

18«:r>.*68 

lKfi4 

l8.-.3-'54 

186V68 

l849-'50 

ieji-'68 

lP49-'50 
1 ail -'53 
i8:.9-'fil 
l8.i'»-63 
18.-)9-'60 
18G5-'67 
J8t3--e8 
1849-'50 
lH5l-'53 
imi, '66 
lan-'fiS 
1849''50 
1851-'ai 



1861-63 

1851 

l8r.5-*56 

lP56-*68 

18r/.J-'53 

1857-'59 

1654-'64 

18«i5-'67 

18->5-'57 

lb58 

1859-'60 

1861-'64 

1849 

1864 

18/i6-'fl8 

1867-»e8 

1851 

1853-'54 

18o6-'63 

]»i5-'66 

1852, »54 

1852 

It58-'e2 

1858-59 

1852 

1W4 

1849 

1857-'58 

1849 

leSO-'ST 

1649 

3849-*50 

185l-'5a 

18531'54 

1855-'65 
18.')9-'68 
1864 

1849-'51 
1865-'68 
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List of Smithsonian meteorological stations and o6«ereers— Continaed. 



Name of station. 


Name of observer. 


Tears of 
observa- 
tions. 


Name of station. 


Name of observer. 


Years ol 
obverva- 
tions. 


MA8S.-^onthiaed. 
Boston 


B.L. Smith 


1857 

1859 

1854 

ie56-'57 

1858-'59 

18tkJ-'61 

1^68 

1851 

1855-'58 

1859-'60 

ie65-'66 

1857-'.'58 

186l-'64 

1860-'t»l 

1858-'59 

1849 

1861 

1860-'6l 

1857-'61 

1849 

1865-'67 

l867-'68 

186<>-'61 

1868 

l866-'()8 

l857-'68 

I849-'51 

18 .(-'68 

1849-50 

185l-'52 

1849 

184H-'68 

18b7-'6d 

I853-'61 

1819, '51 

18.->3-'68 

1866-67 

18<i5-'68 

185:i-'58 

ia"il-'.-,8 

ie66-'()8 

1857 

18.'W-'57 

1861 -'63 

1849-'50 

1851-03 

1865-'68 

1854 

1849 

1863-'65 

1859 

1849-'57 

18.'»-'56 

1859 

1849 

1854-'57 

186a--6-2 

186:J-'64 

18W-'66 

1866-'68 

1854 

1864 

1854-'66 

18b7-'68 

1856-'57 

lt<59 . 

185l-'52 

1854 

1854-'57 

1857-*50 

1860-'68 
1868 

1854-55 
1849-.'S2 


MAS8.-^onti]raed. 
Worcester 


Drs. Ed. A. Smitb. P. 

H. Rice, and others. 
Dr. Geo. Chandler.... 
John 8. Sargent and 

others. 
Dr. H.C. Prentiss.... 
Joseph Draper, M. D. 

J. W. Paxton 

Dr.H. R.8chetterly,. 
L. WoodruflF 

Prof. A. Winchell.... 

L. tVoodruflr and A. 
Wincheli. 

Dr. W. M. Campbell. 

Dr. Tho«. Whelpley . 

Dr. M.K. Taylor.... 

Charles Betts 

8. H. Whittlesey 

Wm. Van Orden, jr.. 

Kimono Walnwright.. 

N. C. Southworth... 

Mrs. OctaviaC Walk- 
er. 

Chas. S. WhitUesey.. 

Heber Crane 

Wm. A. Raymond .. 

*Rev. Geo. DnfSeid. . 

Dri Zena Pitcher and 
L. 8. HortoDL 

U. 8. Engineers 

Dr. Zina Pitcher 

Mrs. M. A.Goff 

Dr. 8. P. MitcheU.... 

Dr. D. Clark 

Lieut C.N.Tnmbull. 

Lieut. C. N. Tumbull, 
U. S. A. 

Edwin Ellis, M.D.-.. 

Heber Sqnier 

Franklin Everett 

Dr. J. HolllMer 

Alfredo. Currier.... 

L. H. Streng 

Edwin A. Strong 

J. B. Parker 


185»-'56 


Bodtou 


E.L. Adams 

Marshal Conant 

L. A. Darling 

C.W. Felt and others 

Normal School 

Rev. John B. Perry.. 

Martin N. Root 

*VV. C.Bond :... 

Harvard College Ob- 
servatory. 

Auguhtnn Fendler 

D. U. Etlis 


Worcester 


1865 


Bridgewater 

Bridgt water 

Bridgewater 

Bridgewater 

Bro<>kIine 


1854 


Worcester 


1857-58 


Worcester. ........ 


1859-*64 


Worcester 


18G6-'68 


Byfltld 


MICHIGAN. 

Alpena 

Ann Arbor 

Ann Arbor 

Ann Arbor 

Ann Arbor 

Battle Creek 

Brest 




Cambridge 

Cambridge 

Cambridge 

Catitun . ..>... 


18e5-»fi8 

1852 

1852u'54 


Ch< Isca 


Naval Uoiipital 

Geo. M. MorHC, M. D 
A. W.Mack 


1856-'57 


Clinton 


18.'i4 


Dati vers .......... 


l856-*57 


Duxbnry...^ 

Fait River 

Fitch'iurg. 


James Ritchie 

Charles C. Terry .... 

George Raymond 

L.F.Wbilcomb 

Gnhtavus A. Hyde... 
Henry M. Nelson.... 
8. Angn^tus NeUon.. 
Rev.Wm.G.ScandUn. 

Ri'V. E. Di whurht 

Gullforfi S. Newcomb. 
John FuUon 


1855 
1849-'60 


Florida 


:848-'54 


Framingham 

Georgetown 

Georgetown 

Gralton 


Brooklyn 


1853-'54 


Burr Oak 


1849-'53 


Central Mine 

Clifton 


1867-'68 
186-i-'63 


HiuMdale 


Clinton 


l851-'52 


Emghton 


Coldwater 

Cooper 


1868 


l»awrence ......... 


1854-'58 


Lowell 


CharienJ.GUUiss.... 
G«o. A. Cunningham. 
Jacob Bachelder 

Henry Rice 


Copper Falls 

Corunna ......... 


1861^*68 


Lunenburg 

Tjvnn 


1856-'57 

ia')5 




Detroit 


1849 


Mendon ........... 


Detroit 


1849-'56 


If eudou 


Dr.JohnG.Metcalf.. 

Rev. A. K. Teele 

Hon. Wm. MitcheU... 

Tbomiis Bailey 

Samuel Rodman 

Edward T. Tucker. .. 
John H.Caldwell.... 
Dr. H.C Perkins.... 
Hi nry Rice 


Detroit 


1858-'60 


jyfilton » 


Detroit 




Kuiitucket 


186')-'63 


JSIew Bedford 


Detroit 


1861 -'63 


N wB«'dford 

New Bedford 

Newbury ......... 


Eagle River 

Ea^t Saginaw 

Flint 


18.16 
1854 
l8.M-*55 


Newbury port 

Nortt) Attltiboro* .. 


ForeKtville 

FoitGraUot 

Garllck 


1858 
1856-59 


North Billerica.... 
Plnin«eld 


Rev.EliaM Nason.... 

Francis 8baw 

Hon. John Brooks 

Orrin A. Reynolds.... 
WUUam Bacon 

RD.MuHsey 

Benjamin Kent 

N.BarroWH. M.D.... 

Alfred Collin . 

Amasa Holcomb 

LnciiiHC. A Ilia 

FranctMA Brewer... 

Abraham S. Peet 

Albert Schlegel 

Katban W.Brown ... 
JohiiH.laldwell.... 
Arthur M.Merrlam.. 
Sidney A. Merriam . . 
Dr. James Robbins. . . 

Eugene Tappan 

♦Rev. Dr. E. Davis... 

JohnH.Bixby 

Dr. N. Q. Tirrell 

CM. Freeman 

Prof. P. A . Chadboume 

D. J. Holmes, Jas. Or- 
ton, Luvallette Wil- 
son, and others. 

LMcGee.C.J.Lyons, 
M. L.Berger Anthers. 

As ronomiral Obnev'y. 

Prol Albert Hopkins. 

B. RGifford 


1864 


Princeton 


Grand Haven 

Grand Rapids 

Grand Rapids 

Grand Rapids 

Grand Rapids 

Grand Rupids 

Grand Rapids 

Grand Rupids 

Grand Traverse... 
HoUand 


1859-^63 


Randolph 


1849 




1849-'51 


Itockport 


ie54-'58 
1857-'G0 
1860-'61 


Koxbui y 


1864 


6an<iwich 


E. S.Holmes 


l865-'68 


South Groton 

Roaihwi k 


U. R. Scheiterly 

L IL Streng 


1854 
1860l-'63 


Springfield 

Spri gfleld 

Stockbridgo 

Taauton .......... 


Homestead 

Houghton 

Howell 


George E. Steele 

J. B. Mlnick 

ur.H.R.Schetterly.. 

Harmon M. Smith 

Miltoi. Chase 

Frank Little 

J. H. Foster and Ed- 

ward Perrault 

Cleveland Abho 

J.CHolmen 

Prof.R.C.Kedzie.... 
R. Bullard 


ie«5-'68 
1864-'67 
18«5-'66 
1849-'50 


Toptifleid -. 


Kalamazoo 

Kalamazoo 

Kalamazoo 

Lake George 

Lansing 


ia')l-'59 


Topiifleid 


1864-'67 


Topsfield 


18fi5-'67 


Tup»field 


1868 


Uxbridge 


1859 


"West Dennis 

"Wehtfleld 


I8.i9 
1859 


Wert Newton 

Wiy mouth 


Lansmg 

Lansii'g. .......... 


1859 
18ti3-'68 


Litcbflild 


1865-68 


'Wtlliamstown 

"Wiiliumij own 

Wiiliamstown 

Wllllamstown 


Lower Saginaw . . . 

ManeheHter 

Marquette 

Marquette 

Marquette 

Mill Point 


Jamex G. Bimey 

F M. ReaKner.M.D. 

Ptter White 

Dr. G.H. Blakeror.. 
Dr. G. H. Blaker, jr., 

and F. M. Bacon. 
Rev. L. M.S. Smith.. 
Thomas Whelpley... 
Capt. A. D. Perkins . . 
MisH a I. Whelpley.. 
G.W.BowUby ...... 


1849 

1864 

1857 

1858-'61 

18»W-*63 

i86o.'ea 


WilliumHtown 


1 M'inroe 


1852 


WiliianiKtown 


Monroe 


18.M 


Wood's Hole 


Monroe 


t85.'>-'60 


Worcester 


8. P. Haven 


1 Monroe 


1859-'6l 
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List of Smkhsoniau nuUorologieal stations and obterwrs — Contmned. 



Name of station. 


Name of observer. 


Years of 
observa- 
tions. 


Name of station. 


Name of observer. 


Years of 
observa* 
tions. 


Michigan— Con'd. 
Monroe 


Miss Helen L and 

Florence Whelpley. 

Miss F. E. Whelpley. 

John liane ...: 


leei 

18e9-'68 

ie59-'63 

1868 

1857-'e3 

18C2-'63 

ie65-*68 

1859-'63 

1865-'68 

le.'w-ei 

1859-'e2 

1861 

1864-68 

1868 

1868 

1864 

1657-'59 

1860 

1861 

1855 

1856 

1855, -CT 

1854-'56 

185:J-*56 

1863 

1861-'63 

185^'63 

1859 

1859-'63 

1865-'67 
1858-'59 
1859-'60 
1860 

ie6l-'6R 

1865-*66 

ie57-'58 

1858-'60 

1852 

1856 

185»-'61 

1868 

1849-*51 

1859-'6l 

1862-'66 

1854 

1867 

186l-'e2 

185&-'58 

1864-'65 

1860-'61 

1863 

1851J-'53 

1854 

1859 

1857 
18^8 

1858 

1864 

1864-'68 

1864-68 

1859-'62 

1852 

185&.'60 

1860 

1853-'54 

1856 

1867 

1852 

1868 

1865-»67 

1868 


MlN5E80TA--Co'd. 

Smitbfleld 

Stillwater 

St Anthony's Falls. 
St Cloud 


B.O. Livings 

A. Van Voorhies 

C. F.Anderson 

O. E. Garrison 

Rev. D.B.Spencer.. 

A.O. Kellum 

Rev. A. B. Paterson, 

D.D.^ 
JohnW. Heimstreet. 

bury. 

Mary A. Grave 

Rev. R. Hopkins.... 
Spencer L.HaUer... 

T. J. R. Keenaa 

James S. Lull 

E.W. Beckwith 

Rev. T.H. Cleland.. 
CbarUs A. Folsom... 
Rev. E. 8. Robinson. 

James H. Vincent 

Wm. Henry Waddell. 
Prof. Albert Moore.. 

Wm. M. Johnston ... 

Thomas Oakley 

A R. Green .. .. 


1868 


Monroe -. 


1858 
1854 


Hfonmw Piers. ..... 


186l-'e9 


Muskegon 

New Buffalo 


H.A.Pattison 

J. B. Crosby 


St Joseph's 

St Joseph's 

St. Paul 


1853-'55 
1854 


Northport 


H.R.Schetterley .... 
Rev. Geo. N. Smith.. - 
H. Selby 


166^*68 


North port. ........ 


St Paul 




Ontonagon 

Ontonagon 

Ottawa Point 


1866-'67 


Edwin Ellis, M.D... 
John Oliver 


Tamarack 

Travers des Sioux . 
Wabashaw 

inssissiPPi. 

Brook Haven 

Columbus 


1863-*64 


Otsego 


Matthew Coffin 

MUtouCha»e 

Henry H. Mapes 

Richard H. Griffith... 
Joseph D.MUlard.... 
James A. Weeks.... 

James Allen, jr 

Geo. A. Stockwell ... 
Chas. C. Smith, MD. 

Isaac Stone 

8ethL.andG.P.An- 

drewsi 
S. L. Andrews, M. D . 

L.H. Strong 

James J. Strong 

U. S. Engineers 

U. S. Engineers 

J. I. Maiden 


1849-'51 


Otsego 


1857-*58 


Oshtemo&elsew'e. 
Pennsylvania Mine. 

Fleasanton 

Pontiac 


1867-'68 


Port Huron ....... 


1855-'99 


Port Huron 


Como 


1849 


Redford Centre. 


Fayette 


ie66-*67 


Rom eo.. 


Gainesville 

GarlanduviUe 

Granville 


1849 


Romeo. ........... 


1853-'55 




1849 


Romeo 


Grenada.......... 


1854 


Saugatnck 

St. James 


Grenada .......... 


1859-'60 


Hf mando ........ 


l866-'68 


Sugar Island 

TawBsCity 

Thunder Bay 

YpsSlanti 


1859-'60 


Jackson 


1849^*53 


Jncksou . .... 


1854 


MiBsG. Webb 

C. S. Woodward 

Dr.B.F.Babcock.... 

ThomaH Clark 

Henry Wieland 

Thus. Clark and 0. 

Wieland. 
C. Wieland 


Kin gston 


J.Edward Smith.... 
T. W. Florer,M.D.. 

David Moore 

J. R. Ciibbs 

Geo. L. C. Davis 

J.Edward Smith.... 
*R. McCary 


1866-'67 


Ypsilanti 


Marion 


1868 


McLeod's 


1849 


MINNESOTA. 


Monticello 

Natchez 


186a--61 
1849-*51 


Afton 


Natchez 


1856 


Beaver Bay 

Beaver Bay 

Beaver Bay 


Natchez 


1856-'61 


Natchez 


W. McCary 


1864-'66. 
1866-*68 


Oxford 


Prof. L. Harper 

Rev. J. A. Sbeppard . 
Rev. E. 8. Robinson. . 
Prof. J. Boyd Elliott . 
Rev. E. S. Robinson. . 
A. L. Hatch 


1854-*56 


Beaver Bay 

Bowles Creek 


Pass Christian 

Paulding 


1860 
1858-'59 


Andrew Stouffer 

Stephen Walsh 

A.A.Hlbbard 

Alonzo Barnard 

Rev.B.F.OdeU 

T. P. Thick*tun 

Thomas A. KeUett... 
Rev. Joseph W.Holt. 
A»C. Smith 


Buchanan ......... 


Port Gibson 

Prairie Line 

Vickiiburg 

Westvllle 


ie55-*57 
IBAU'ei 
1849-'S3 


Burlington 

Cass Lake 


Cass Lake Mission. 


J.R.Cribbs 


1859-*60 


Chatfleld 


Yazoo City 

UISSODRI. 
Allenton 


CoLC.B.Swa8ey.... 

Aug. Fendler 

JohnT. CaldweU.... 
Conrad MalUnckrodt. 

D. J. Heaston 

W.J. Vanklrk 

James A. Race 

Norris Sutherland.... 

George P. Ray 

Dr. J. M. Parker.... 
Rev. James Knoud . . 

John Campbell 

S. J. Hnffaker 

D. J. Kirby 


I8fl0-'61 


DanvUle 


Fonddu Lac 

Forest City 

Forest City 

Fort Ripley 

Grand Portage.... 
HastiDg^ .......... 




Henry L. Smith 

Rev. S. W. Mauncey. 

Richard Bardon 

T. F. Thickstun 

8. R. Riggs 


]865-*G8 


Athens 


1864-66 


Augustus ......... 


1859 


Bethany . 


1859-'60 
1859-'61 


Hazelwood 


Bolivar 


Hennepin coun^.. 
Itasca 


J. B. Clough 

O. H. KeUey 

Rev. S. L. Riggs 

S. R. and A. L. Kiggs. 
Rev.Benj.F.Odell... 

E.M. Wright 

J. F. McMnUen and 
D.F. Shortwell. 

Samuel Locke 

Wm. Kilgore 

Wm. Cheney 

Charles Roos 

Rev. S. R. Riggs 

Charles Cavileor 

0. E. Garrison 

S. M. Byer& 


Bolivar 


1868 


Booneville 

Cnnton 


1899-'6l 
1861-68 




Lac qui Parle 


Canton 


1868 


Lac qui Parle 

LakeWinnibigosh- 
ish. 


CapeGhrardeau... 
CanH>llton 


1856-'58 
1859 


Currollton 


1859 


Tirfipham .......... 


Carrollton 

Cassville 


1860 


T/apbam r ........ . 


M. L. Wyrick 

George Whitcomb... 
O. H. P. Lear 

S. S Ballev 


1859-'6I 


Lapham 


Charleston 

DryRidga 

Dundee . ... . 


1868 
lP54-'55 


Maakato 


J859-'6l 
1861-'66 


Minneapolis 


Easton 


P. B. Sibley 


New Ulm 


Ed in burg « 


John E. Vertrees 

J. C. Agnew 

W. B. Klzer 


1866-'67 


Pajutazee ...... . 


Edina .■."..■.'* 


1859-'66 
1859 ' 


Pembina 


Princoon 

Princeon ......... 


Farmington 

Fort Pierre 

Greenfield 

Greenville 

Hannibal 

Hannibal 

Harrison viUe...:.. 
Hematite 


Nathan P. Force 

Fred. Behmer 

S. B. Bowles, M.D.. 

O. D. Dalton 

O. H.P. Lear 

EdwdDnffield,M.D. 

John Christian 

John M. Smith 

Philip Weber 


1859 
1854 


Red Lake 


Rev. B. W. Carver.. 
Rev. Jabea Brooks.. 
Prof. A. M. Stephens . 

Samuel Spates 

Smith Bloomfleld.... 
C. W.Woodbury.... 
C.W. and C.E. Wood- 


18S9-'€8 


Red Wing 

Red Wing 

Sandy Lake 

Sauk Centre 

Sibley 


1850-'6O 

1853 

lH55-'56 

1859-'68 

1868 


SxWey 


Hermann 


ie59-'60 
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Name of station. 


Name of obserrer. 


Years of 
observa- 
tions. 


Name of Sutton. 


Name of observer. 


Years of 
observa- 

UODS. 


Missouni— Confd. 

Hermitage 

HomerBville . ... 


Miss BeUe Moore.... 

W.H. Homer 

Nicolas De Wyl 

Robert Byer8,M.D.. 

J.H.Myers 

WiUiamMnlr 

John M. Weatherford. 
Joseph A. Wilson.... 
Geo. W. WUson.jr.. 

P.S.Wilson... 

B. P. Hanan 

William Kaucher.... 

W.F. Maxey 

Charles Vogel 

R. W. Finley 

C.Q. Chandler, M.D. 

Homer Rnggles 

J. A. Stephens 

Edwards. Neely.... 
Dr. Geo. Engelmann. 

A. Wislizenus, M.D. 
G. Engelman, M. D., 

andA.WisUsenns» 

M.D. 
Augustas Fcndler . . . 
*J. H. Lunemann 

Rer. P. W. Koning . . 
Rev.F.H.Stuntebeck 

Wm. Wells 


1867-'68 

ie.>9-'6l 

1868 

1859 

1859-'63 

1863-'64 

1859 

1859 

1860 

1861 

18.'i9-'6l 

1867-'68 

1659-.'62 

1859-'60 

1859-'60 

1855-'56 

1867-'68 

1857-'58 

1857-*58 

185a-'57 

185»-'67 

1856-'57 

1858 

185&.'64 

186a-'62 

1861 

1861 

1865-'68 

1868 

1859-'61 

1859-'60 

1859 

1859 

1866 

1867 

1868 

1859 

1859-'63 

1859 

1851 

1868 
1867 
1861.'62 
I866-'68 

1854 

l857-'67 

1657 

1868 

1867-'e8 

185S-'60 

1867-'68 

18^9 

1867-'68 

185d-'64 

1865-'68 

1859 

1863-'63 

1868 

1860-'61 

1854 

1861 

1866-'67 

1868 

1865 

1859-'e2 

1859 

1868 

1865 

1857-'59 

1859-'60 


NKBRASXA-^On'd. 

Omaha.. 


James P. Allan 

0. B. Wells 


1860-'61 


Omaha.....' 

Peru 


1868 


Jefferson City 

KirksvUle 


J.M.McKenz1e 

H.C. Pardee 

C.H. Miller 


1867 


RockBlttift 

South Pms wagon 
road cxpeditlou. 

NEVADA. 

Star City 


1860-'61 


Kirkbville 


1859-'60 


Laborvllle 

Lancaster ......... 


R-ajofanaon 

Rev.Wm.Hurlln.-.. 

F.N. Freeman 

Arthur Chase 

*6u>phenO.Mead... 

Linus Stevens 

Dr.Wm.Preacott.... 

H.E. Sawyer 

E.P.Colby 




Lexington 

Lexington 

Lexington 

Lurav .- 


1865 


NKW HAMPSHIRA. 

Antrim 




Oreson 




Srta .!...:;:;... 




Rhineland .. 


]866-'68 


Richmond 


Claremont ....!.. . 

Claremont 

Claremont 

Claremont 

Concord 


1857-'58 


Rockport ......... 


1859^*68 


RoUa.. 


1864-'67 


Springfield 

St Joseph 

St. Loois 


1867-'eB 
1849-57 


Concord 


1857-'58 




Concord 

Concord 


I808 


St Louis....... 


John T.Wheeler 

James 0. Knox 

Rev.L.W.LconoM.. 

Alfred Colby 

Rev. L. W.Leonard.. 

Rev. Ellas Nason 

LonlsBeU 

Dr.MarUnN.Root... 
A.H.Bixby 


]865-'68 


St Louis 


Concord 


1868 




Dublin 


1&19 


St Louis 


Dunbarton 

Exeter 


185l-*S9 

1868 


St. Louis 


1853-'55 




Exeter 


1861-65 


St Louis 


Farmlngton 

Francestown 

Francestown 

Great Falls 

Hanover .......... 


1860-'61 


St. I^nis 


1857 


St Lnuls 


1857-'58 


Stockton 


Henry E. Sawyer. . . . 
Prot Ira Young and 

A. A. Young. 
Tboa. B. Laighton . . . 
J.W.French, agtL.> 
W.C.&W.M.C0..5 
Roberto. Whiting... 

Roberto. Mack 

Isaac S. French, M. Di 
Hon.8.N.BeU 

R.F.Hanaoom 

Charles H. Pitman... 
Rufus Smith 

Dr. 0. Chase, U.S.N. 
John Hatch 


1854-'57 


Toronto . . . 


B. D. Dodson 

Thomas J. Oonkling . 
Wm.M. Lumpkin... 

Dr. W.Moore 

Miss Belle Moore.... 
Rev. J. B. Pollock... 
Marion F. Hamaker. . 
MaryA. TidsweU... 

B. G. Llngow 

Rev. N. Scarritt 

* Dr. H.M. Lehman. 
*Dr.H.M. Lehman. 
T. Koleski 


185;K-'54 


Trenton 


IsleofShoahi 

Laconia « 

Lake Village.... i 
Littleton 




Tuscumbia 

Union 


1849 


Union 


1857-'61 


Warrensburg 

Warrenton 

Warrenton 

Waynesville 

Westport 


1863-'64 


Londonderry 

London Ridge 

Manchester 

North Bamitead . . . 

North litUeton.... 

Portsmouth ....... 

Portsmouth 

Salmon FaUs 

*SheIboume 

Stratford 


1849-'57 
18<S-'65 
185&-'57 
18S9-'6l 


MONTANA. 

Benton City •.. 

Camp Cooke 

CantonmentWright 
Helena City 

NEBRASKA. 


1855-'58 

1860-'68 

1859-'60 

1863-'64 

1849 

1867.'eB 


Alex. Camp Wheaton. 
D E Reed 


George B. Sawyer . . . 

Fletcher OdcU 

B. Gould Brown 

Andrew Wiggins 

Branch Brown 

Alftped Brewster 

Joseph H. Hall 

Peter L.Hoyt 

Nath.Pnrmort 

Tbo8.B. Merrick 

R. L. Cooke 


1853-'54 
1856 
1856-'68 
1855-':j8 


Belleyue 


Stratham 


1859-'60 


Bellevue 


Rot. Wm. Hamilton.. 

Henry M.Burt 

Miss £.E. Caldwell.. 
Rev. Wm. Hamilton.. 

Charles B. Smith 

H.H. Brown 

MajorThoH.8.Twl8s- 

Cbarles.Seltz 

Anna M. J. Bowen. . . 

Johns. Bo wen 

John Evaos ..••....• 


Stratford 


1850-'68 


Bellevue 


Tamworth 

Top of Mt Wash- 
ington. 

Wentworth 

West Enfield 

NEW JERSBT. 
Belleville 


18<>7 


BcUevue 


1859 


Blackbird HQld.... 

Brownvllle 

Dakota City 

Deer Creek 

De Soto 


1859 
1856.*SB 


ElkhomCity 

ElkhomClty 

Fontonelle 


1849 


Bloomfield 

Burlington 

Burlington 

Burlington 

Burlington 

Cinnaminson 

Cole's Landing 

Dover 

Elwood 

Freehold 


1849-'5B 


Pontanelle 

Port Pierre 

Port Union 


M.C.Rosseau 

E.T.Denig 


Prof. Adolph Frost... 
Dr. E.R. Schmidt.... 

Prof. A. Frost and Dr. 
E. R. Schmidt 

John C. Deacon 

William Parry 

Jamns S. Lippincott. . 

Howard Shrlver 

J S Pritts 


186d-'63 
1849-'54 
1855 
1857-58 


Gl4»T}H»il« . . 


A.L.Child,M.D 

Dr. A. C. Chnd and 

Miss J. £. ChUd. 
L. J. Hill 


1856 


Glendale 


1863- '68 


Jonln 


1859-'60 
1864-'66 


Kenosha 


Bcla White 


1866-'68 


Nebraska City.... 
Nebraska City .... 

NnrueryHill 

Omaha 


Edgar E. Mason 

P.Zahner 


1867-*68 


B. F. Simpson and 0. 

B, Willis. 
R. Willis 


1857-'58 


R. O.Thompson 

Wm.N.Byers 

John G. Rain 


Freehold 


1859-'G9 


OmnhA 


Greenwich 


Bei\). Sheppard 


185(>-'6I 




*^ 
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Name of station. 


Name of observer. 


Tears of 
observa- 
tions. 


Name of station. 


Name of observer. 


Years of 

observai- 

tlcns. 


N. JrasET— Con'd. 
Greenwich ........ 


Glarkson Sheppard .. 
G.Sheppard and Miss 

R. G. Sheppard. 
M<i<8R.G. Sheppard.. 

John Clement, Jr 

Sumnel Wood 

Jacobs. Gary 

Howard A. blokes... 

Arch. Alexander 

Dr.S.G.Thomt n... 
Miss E. E. Thornton 

ThfcJ. Beans 

Jo*>. W. Lippi. cott . . . 
MorganJ.Rhees,M.D 
W.A.Wuiteliead... 
Prof. Geo. H. Cook... 

B.T. Mack 


1864 
186^'67 

1868 

1849 

1866-'e8 

1849 

1861, '63 

1865 

1849, '61 

1859 

1865-'68 

1865 

1861-'68 

1849-'(» 

1854 

1865--68 

1854 

1859 

1860 

1861-65 

1867-'68 

1868 

1BC8 

1863-'65 

1866-'68 

ie63-'65 

1866-'67 

186«»-'61 

1868 

1856 

1859 

1865-'67 

1868 

1857-'58 

1865.'68 

1867-'68 

1860 

1855-'a7 

1859-'6l 
:865-'66 
1849-'54 
1849-'51 
1854-'58 
1860--65 
l849-'67 
1853--54 
1657-68 
1853-'59 
185^'57 

1868 

1849-'5Q 

l85a-'54 

1860 

1854 

l8o4 

i85e--e2 

1866-'68 

1860-'63 

ie53-'58 

18o6-'64 

1865. '67 

1868 

1859-'63 

1&49-'51 

185:i-'54 

1856 

ltf57-'59 

iee2-'65 

1849 - 


N. YORK-Con'd. 
Clyde 


Matthew Mackie 

L. L FairchUd 

Sereno Chirk 

Rev. John J. Brown. 
Henry Hasn 


lBS9-'eB 


Greenwich 

Greenwich 


Constable ville 

CouHtantia 

Dansville 


1852 
1861 
1859.-'61 


Haddontield 


DepauvUle 

East Franklin 

East Henrietta.... 
Eden 


l865-'68 


Haddonfleld. 

Lambertville 

Long Branch 

Long Branch 

Morristown ....... 


Dr. J. W.Smith 

A. S. Wodbworth 

Stephen London 

Annas. Landon 

Laurens A. Langdon. 

A. B. Covert 

JohnC. Merritt 

• W. H. Denning.... 
Rov. ThoH. H. Strong 
Rev. R. D. Van Kleck 
Rev. W. W. Howard. 
Rev. E.T. Mack.... 
John Anbier 


1&)4 
1859 '68 
1855 


Eden 


ia57-'59 


Falconer 


i853-'S4 


Morristown 


Farmer 


1859 


Morrlsrown 

Morristown 

Mount Holly 

Kewarlc 


Faimingdale 

Fitihkill Landing.. 
FlatbUhh 


1868 

1855-'66 

1854-55 


Flatbnvh 


ie56-'60 


Kew Brunswick... 


FIatbu^h 


1860 




Flatbush 


186i2-'68 


New Brunswick .. 


Fordbam 


1856 


NfW Brunswick. 


Edwin Allen 

Edwin Allen and G. 

W. Thompson. 
Geo. W. Thompson . . 
E. D. Couch 


F^^rdham ......... 


Claudius Peraot 

H. M. Ptdne.M. D... 

Rev. Juo. Anbier and 

Prof. A. T. Monroe. 

P. A. McMoio 

Prof. Rolomon Sias .. 
L. Leffman 


1856-'57 


New Brunswick... 


Fordham 

Fordhftm x 


1858 
185.^*62 


New Brunswick... 
Newfleld 


Port Ann 


1864 
1863-'66 


New Germantown. 
Newton 


Arthur B. Noll 

Thos. Ryersoii, M. D . 
Wm. Brooks........ 


Fort Edward 

Fort Niagara 

Fredonia .... 


1857-'59 
18.59-'63 


PassBlc Valley 

Patenion 


Prcf. D. J. Pratt 

George W. Pries 

Thos.B. Arden 

Rev. W. D.WUion... 

JobEUeston 


1854, '63 
1864 


Wm. Brooks 


Friendship 

GarriHons ^ ....... . 




Thos. J. Beans 

John Fleming 

Prof. L. Harper 

Jemsha R. Palmer. .. 
C.M.Dodd 


1866-*67 


Readington 

Riceville 


1860-'6I 


Geneva ........... 


1863-68 


Rio Grande r 


l855-'57 


Salem 


Geneva 


I864-'68 


Salem 


George Watson 

Barker Cole 

E.C.C.'le 

John T. Sergeant 

Ephraim R. Cook 

Jno. Ingram, M. D ... 
George Watson 

James M. Beade 

C. D, Potter, M. D .. 
H.M. J-ainc.M. D... 

L. F. Munger 

James U BaU 

B. M. Alba 


1859 


Seaviile 


Germontown 

Germant< wn 

Gouvemeur 

Gouvemeur 

Glen's Falhi 

Great Valley 

Havana 


Wm. Tompkins 

Rev. Sanford W. Roe 
Dr. P. O.Waiiams... 

Cyrait H. Russell 

Warren P. Adams . . . 

Kathalo Kdsey 

Col. E.G. Frost 

David Trowbridge. . . 

A. A. Hibbard 

Edwin G. Reed 

Walter D.Yale 

Prof. Gran W.Morris. 

J. D. IngersoU 

Rev. Sanford W. Roe. 

Albert G. Carll 

Peter Ried 


1859 


SeavUle 


1866-'68 


Sergeantsville 

Trenton 


18.'5a-'54 
186U-'68 


Vineland 


1854 


Woodstown 

• 


1859-'e0 
1859-60 


NEW MEXICO. 


Hector 


isfis-'er 


Pope's Expedition. 

NEW TORK. 

Adam's Gentre 

Albany 

Albion 


Hermitage 

Homer 


1860-'62 
l&'i5-'57 


Housevllle 

Initt for Deaf and 

Dumb, N. Y. 
Ilion 


1849-'54 
1856-'60 
1865-'e8 
1849-'68 

1859-'60 


Alps 


Jamestown 

Jericho, L. I 

Lake 


1863-'66 


Angelica 

Auburn 


1849 


JohnB. Dill 

John Bowman 

G. 8. Woodward 

H. W. Titus 

Thos. B. Arden 

W. W. Sanger. M. D. 

'E. a. Smith and 
daughters. 

A. Hosmer 

Elias O.Salisbury ... 

Dr. S. B. Hunt 

W.D.Allen 

William Ives 

U. S. Engineers 

E. W. Johnson 

Prot Aaron White... 
Prof. Wm. Soule 

Andrew Mulligan.... 

Ccmelius Cbane 

G. Thornton Chose. . . 

Prof. Root 

H.M. Paine, M. D... 

J. P. Chapman 


1856-'S8 


Boldwinsville 


Leroy 


L. F. Munnrer 

G. C. Merriam 

John Ftlt 


1854 


Beaver Brook 


Leyaen . .......... 


)868 


B^llport 


Liberty 


1855-'S6 


Beverley 

Black wells Island, 
N. Y. 


Lima 


Prof.S. A.Lattimore. 

Daniel Edwards 

E. Giddings 


1861 


Little Genesee 

Lockport 


1866.'68 
1849 


Brookhaven....... 


Lockport 

Lodi 


Jamts B. Trevor 

* Jhn L«ffen« 

IrahR. Adams 

J. Caroli House 

Dr. E. W. Sylvester . 

B. A. Dayton 

Lewis Swift 


1849-*59 
]849-'aB 


BatTalo 


Lowvillo 


1854 


Buffalo 


Lowville 


1854-'5e 




Lyons ........... 


1859-'63 


Buffalo 


Madrid 

Marathon 


1849-'59 


Buffalo 


1863 


Bntn&lo ........... 


McGrawville 

Mexico 


J. MetcolfSmith 

John R. French 

W. BuMdng. 

J. W. BuKslng 

James Lewis 

William Day 

E.A.Smith and Miss 

N. Smith. 

Exra Paruielee 

Rev. Samuel Johnson 
Jam< 8 H. Gardiner . . 
U.S. Naval Station.. 
J. 3. Gibboni w. 


1856-'57 




1855-'S7 


Buffalo 


Minaville 


1867 


Canton . .x.r^rr.r- 


MinaviUe 




Gacenovla 


1868 


Gazenovia « ...... . 


Mohawk 


1861 -'68 


Oharlotte 


Morristown 

Moriches 


1859 
1864-'67 


C1>Kth nm 


Morley 




Ghathum. 


1849 


Clinton 


Newark Valley.... 
Ntrwburg 


1868 


Clinton 


1864-'aB 


ClockvlUe 


New York 

New York 


1849- 
1854J 
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Li$t of Smithsonian mtUoroiogiad staficmj and observen — Continaed. 



Name of station. 


Name of observer. 


Years of 
observa- 
tions. 1 


Name of station. 


Name of observer. 


Yi-nni of 
obmsrva- 
tlons. 


N. YORK-ConU . 

Kew York 

New York, (East- 
ern Dispensary.) 
New Y «rk 


S. De WHtBloodgood 
Caleb Swann and Dr. 
J. P. Loinea. 

Fred.L81ade 

Charles CWakely... 

Naval hospital 

E. B. Cook 

Rev John M.Aubiar. 
Prof. Cbas. A. Joy... 

Haden Patrick Smith 

GeaM. Hnnt 

Charles A. Wooeter. . 

John F. Jenkins 

Mrs. M. J. LobdeU. . 

J. M. Partrick 

H. HoweU 


1854>'55 
1854-'6l 

1860-'61 
18«)-'63 

1860-'e8 
1863.'66 

1865-'e7 
18«5-'68 

1867-'68 

1864 

186&-'68 

184^*53 

1855-'56 

1868 

]857-'68 

ie49-'52 

1854-'ra 

18r>4-'68 

1849 

185l-'54 

1854-'68 

1861 

1855-'58 

1868 

1864-'65 

1854 

ie54-'57 

1859 

1864 

1651 -'52 

1859-'fi0 

iav^'57 

1855-'57 

1857-'58 

1856 

1849 

1849 

l855-*67 

1859-'67 

1868 

1868 

1849 

1851-'58 

1859-'63 

1849--58 

1856-'59 

l86-.i-'66 

1859-'60 

1864 

ie58-'d9 

1849 

1849-»S2 

185^-54 

]86l-*64 

1857 

1865 

1849-'52 

1860^-67 

1868 

1849^-58 

1854-'56 

184«-'51 

1849-'51 

1863-'68 

1863-'e8 
1855--57 
18.18 


N. YORK— Con'd. 

Spencertown 

SprlDgvillo 

Springville 

Stapleton 


Levi S. Packard 

J. W.Earle 

Moses Lane 


18fil 
1849 
1851 


Spencer L.Hillier... 
James H. Warren . . . 
Henry L. Dinsmore.. 

S O.Gregory 

FranciM M. Rogers... 
Miss Elizabeth Morris. 
John W. Heimstreet . 
Prof. E. A. H. Allen. 
Prof. Daseom Oreeue. 

Wm.L. Haskbi 

Dr. L. A. TonrteUot . 

Joseph Gmham 

E. B. B;irtlett 

S. O Carpenter 

Dr. Stillman Spooner. 
J. P.Morse 


1867-'68 


New York fRnth- 


Suffem 


I86:j 


erfiird's Obser* 


Syracuse 


1851-'S3 


vntory.) 

Ne York 

New York, (N. Y. 

Skutiug Clnb.) 
New York 


Theresa 


1861-68 


Throg-sNeck 

Throg'sNeck 

Troy 


1864. '66 
1865-'68 
1849-*6B 


Troy 


185i)-'54 


New York. (Colnni- 
biaCollrge.) 

New York, (Cen- 
tral Park Obser- 
vatorv.) 

North Argyle 

North Hammond . . 


Trov 


1856-*57 


Troy 


1860-'6l 


UUca 


18ot>-'57 


Utica 


1868 
1860 


VermllUon 

Wales 


1860-'68 
1854 


North Salem 

North Salem .. . 


Wamp«ville 

Warsaw 

Waterburgh 

Waterford 

Water: own 

Waterville 

WelUville 


iK-ja-'ea 

1865 


North Volney 

Nichols 


David Trowbridge. . . 

JohnC. House 

Dr. P. 0. Williami.. 

James M. Tower 

H.M. Sheerer 

Lewis Woodward.... 

JndeM. Yonng 

J. S. Gorton 


1868 
1856-'63 


Ogdeusborg 

Oneida 


W. E. Guest 


l855-'57 


Dr. Stillman Spooner. 
C. Strong 


1849^*51 
]857-'56 


0»w« go...... 


West Concord 

West Day 


1860 


Oswego 

Oswt go 


J. H. Hart 


1856-*57 


Capt W.S.Malcolm. 
Prof. Weston Flint .. 
J. W. Chlckerlng.... 

W. S. Oilman, Jr 

Stephen Hyde 

Chari.sA.Lee 

Dr. H. P. Sartwell.. 

David Trowbridge... 
ThoH. B. Arden 

J. H. Norton 

Joseph W. Taylor. .. 
S. ManhHllIflgails.. 

John F.Kendall 

Prof. C. B. Waring .. 

Prof. Wetherell 

*Prof. C. Dewey... 
*Prof.M.M Matthews 
H.Wells Mathews... 

W. M. L. FiHk 

U.S. Naval StaUon.. 

Mamtriu Linos 

H. Metealf 

E. N. Byram 

Walter ta. Riker 

R.G. Willhims 

Jas. W. Gm»h. Jas. 

M. Alt'xander. and 

Levi S. Packard. 
Robert M. Fuller and 

Hareo V. Swart. 
Alexis A. Jullen 

and H. A. Schanber. 

Eli»baFoote 

John P. PHircbild.... 

Ghas. A. Avery 

Philo Cowing 

Henry B Fellows ... 
Rev. Jas. R. Haawell 

G. F.Maurice 

W. M. Biauchamp... 

G. W. Potter 

J. Everett Breed 

Dt.P.B. Hough.... 

L. A. Bvaidsley 

Grenville M. lugals- 

bee. 
Gapt. Storrs Barrows. 
A. W. Monbouse.... 
Irving Magte 


18o8-'S9 


Otto 


Weht Farms 

WeittMorrlsanta... 

White Plains 

Wilson 


1856-*S7 


Ovid 


I. Zitepffel 


1857-'59 


Palisades 


O. R. Willis 


1863^*68 


Palmyra 


E.S. Holmes 

W.W. McDowell.... 
E. J. Ast< n 


185&-'64 


Peekskill 


NORTH CAROUNA. 
Asheville 




Penn Yan 




Perry City 

Pbilfpstown 

Pine Hill 


1857-*58 


AHbfvIlle 


1867-'68 


AshevUle 

AttawayHill 

Chapel Hill 

Davidson College.. 
Gaston 


J. F. E. Hardy,M.D. 
F. J. Koon 


1868 


Plain ville 


1849-'03 


Platts'>arg 

Pompey •• . . . 


Pmf. James PhilUps.: 
Prof. W. C. Kerr .... 
«eo. P.Moore. M.D. 
Prof. D. Morelle .... 
Geo. F. Moore, M. D. 
Prof. E. W.Adams.. 

Sam'l W. Westbrook. 
Alexander Wriiy.... 
Rev. Pred. Fitzgerald 
Prof. N. B. Webster . 
Rev. J. A. Sheppard. 
D.Morrell 


1867.'68 
1849-'6L 


Pompey Hill 

Ponghketpsie 

RocfaeHter 


1858-'59 
1856-'58 


Goldsborongh 

Gr.•en^boro• 

Golditborongh 

Green Plains 

Guilford Mine 

Jackson 


18S5-'58 


Rochenter 


1850-*6l 


Rochexter 


1860-'61 


Rochester 


1868 


Rochester 


1859 


Sackett'a Harbor.. 
Sackett'H Harbor . . 


1867 
l858-'94 


SackHfs Harbor.. 

Sag Harbor 

Saratoga 


KenansvUle 

Lake Scnppemong 
Lake Scnppemo<.g 

Lincolntou 

Marlboro* 


1868 

1849-'aa 

1851 


Sangertles 

Sanicertles 


Dr. J. Bryant Smith. 
Robert H.Drysdale.. 
Rev. A.McDoweU... 

John H. Mills 

Wm. R. Hicks, M.D. 
T. Carter and W. H. 
Hamilton. 

W.H.Hamilton 

Rev. Fisk P. Brewer. 

J.W.Calloway 

Thos. A. AlUson 

Rev. F. Fitsgerald... 

Dan.MorPlle 

Rev. B.Craven 

Dr. W. M. Johnson. . 
B. W.Adams. ..... . 

Dr.W.W.Spratt.... 
Prot W.W. Mather.. 
J. G. Dole and C. S. 
S. Grifflng. 

David 8. Alvord 

J. G. Dole 


1854 
1856 


Murfreesboro' 

Oxford 


1856-»61 
1806>'67 


Schenectady 


Oxford 


1867-'88 


Raleigh 


1859 


Schenectady 


Raleigh 


1860 


8en«H!a Falls 


Raleigh 


1866-^68 


Soi.eca Falls 

Seneca Falls 

Seneca Falls 

Sennett 


Rntherfordtown . . . 

Statesville 

Thombury 

Thombury 

Trinity College. 

Warrenton 

Wilson 


1843 
1866--fl8 
1854 < 
1854 * 


Sherhnme 

SligSing 

Skuucateles 


1860^'61 
1857-'58 
1866 


SloanHvilie 

SmltliviUe 

Sonierviile 


OHIO. 
Andrews.......... 


1860-*01 


South Edmtrston. . . 


Athens 


1849-'5l 


South HarUord.... 

Sonrb Trenton 

Spencertown 

Spencertown 


Anstinbnrg 

Anstinbnrg 

AuHtinburg 

Anstinbnrg 


18e3.'63 

1864 
1864 


E.D. Winchester.... 


1864>'66 
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Nameofetatioo. 


Name of observer. 


Years of 
observa- 
tions. 


Nameofstatton. 


Name of observer. 


Yoara of 

obsemi- 

tiocs. 


Ohio— Continued. 
Avon • 


Rev.L.F.Ward 

Rev. K. Shields and J. 

C. Smith. 
Rev. Robert Shields.. 

Joseph Shaw 

Prof. G.M. Barber... 

George W. Crane 

W.R.Peck.M.D.... 
John Clarke 


185B-'60 
1857-'50 

1854 

1860-'61 

1855-'60 

1854 

lH59-'68 

1857-'63 

1866-'68 

lKi9-'61 

1863 

1864-66 

1855-'57 

1849 

1854 

1857-'58 

1855-'68 

165*l-'63 

1859-*64 

186a-'62 

1865-'68 

1851 

1855-'61 

1868 

1852 

1658-'63 

186(>-'«3 

ises^'e? 

1866-'68 

1854 

1853-'57 

1858-'65 

1859-'68 

18S5--67 

1856-'57 

1858 

1861-'63 

1851, '53 

I860 

1861 

1863-'63 
1864-*65 
1859-'63 
1856 

1856 

1856 

1861-'e2 

1859-'67 

1854 

1863-'65 

1857-'58 

1855-'57 

1859-'e0 

1861 

1862 

1854-'56 

1857-'58 

1864-'68 

1861-'63 

185a.'56 

1856-'57 

1849 

1849-'58 

1860-'6l 

1851-'60 

1863-'68 

1857 

1863 

1655 

1856 

iaw-'60 

]65»-'60 
18SS 


Oeuo— Continued. 
Hudson 


Prof. C. A. Youngand 
E. W. ChUds. 

Prof. C. A. Young 
and A. C. Barrows. 

Prof. C. A. Young, E. 
W. Stuart, J. e. El- 
liott, W. PettiQgiU, 
H. R. Watterson. 

Prof. C. A. Youngand 
J. C. Elliott 

Edmund W. West... 

S. T. Boyd 


1856-*39 


Bellecentre 


Hudson .......... 


1860-'61 


Bellecenlre 


Hudson 


1862 ' 


Bellefontaine 

Berea 


Hudson 




Bethel 




Bowling Green.... 

Bowling Green 

Breckville 


1863 


Huron ............ 




Rev.S.L.Hinier.... 
Hubert A. Schauber . 
Hubert A. Schauber . 
Ebenezer Hannaford. 
John Lea ..... 


1854 


CardiDgton 

Centralia 


Iberia 


1859 


Jackson 


Geo. L. Crookham... 
G. L. Crookham and 

M. Gilmore. 
S. B. Wood 


1849-54 


Cheviot 


Jackson........... 


1855 


CineiDnati. 


Jackson 

Jackson 




Cinc4nnnti 


P. W. Hurtt 


1855 




Geo. W.Harper 

A. A. Warder 

R,C.&J.H.PhlUips. 

EUT. Tappan 

R,C. Phillips 

GustavnsA. Hyde... 

Edward Wade 

Edward Colbum 

U. S. Engineers 

G. A. Hyde and Mrs. 

Hvde. 

T. A. Smurr 

G.S. Ormsby 

Prof. R. S. BoBworth . 
Prof.J.H.WUson.... 

J. W. Hammitt 

L. B. Tnckeriuan .... 

Henry Bennett 

Sarah E. Bennett 

Thos. H.Johnson 

Theo. G. Wonnley... 

Mark Sporry 

Rev. E. Thompson 

and Mark Sperry. 
Rev. EUas Thompson. 

D.M.Rankhi 

F. G. HiU 


M. Gilmore 


1837-'58 


Cincinnati. 


Jacksonburgb 

Jefferson 


J. B. Owsley, M.D.. 
James D. Htrrick . . . 
Dr. E. C.Bidwell.... 
E Soooner 


1868 


Cincinnati 


lt<55-'58 


Cincinnati . 


Keene ............ 


1849-58 


Cincinnati 


Keene 


1855-'54 


Cincinnati ......... 


Kenton ........... 


C. H.Smith, M.D... 

Geo. C. Huntingdon.. 
Prof. Jno. Haywood. 

Samuel Knoble 

Lewis M. Dayton.... 

H. W.Jaeger 

W. E. Davis 


18ffi2-63 


Cleveland 


Kelly's Island....: 
Kin gston 


1866-*68 




1859-'e8 
1863-'67 


Cleveland t ...... . 


Lafayette 


18C7 


Cleveland. 


Lancaster 


1857 


Cleveland ... ... 


Lancaster 


1858 


Cleveland- ........ 


Lancaster 


1P59 




Lancaster 


J. W. TowKon 

Joseph C. Hatfield.. . 
James Eraser 

E. J. Perriss 

Rev; L.S. Atkins.... 
Mrs. ArdeUa C. Khig. 

F. A. Benton 

D.P.Adams 

Prof. J. W. Andrews . 
H. A. True 


1866 


Cleveland - ....... 


Lebanon 


1849 


College Hill 

College HiU 

College Hill 

College HUl 

College HiU 

CoUingwood 

CoUingwood 

Coshocton. ........ 


Little Hocking.... 
Little Mountain ... 
Madison 


18e3-*63 
ie67-'fl8 
1837-60 


Madison 


1859- *63 


Mansfield 


1851-52 


Marietta 


1860-'63 


Marietta 


1849-'55 


Marlon 


18R5-'68 


Columbus ......... 


Marion 


T. Chase 


1659 


Croton... 

Croton...... ...... 


Martin's Ferry..:. 
Medina 


Charles R.Shreve... 
Rev. L.F. Ward.... 

Wm. P.Clarke 

Michael Beecher 

Rev. D. Thompson .. 
Enoch D. Johnson. .. 
Senior class Mt Au- 
burn Female Inst. 
David H. Tweedy... 
WUIlamLapham.... 

Newton Anthony 

F. A. Benton 

W.C.Hampton 

Lewis M. Dayton 

Isaac Dille 


1667 
1857-58 




Medina 


1858-'63 


Croton ........... 


Middlebnry 

MUnersviUe 

Monroe coonty 

Mount Auburn 

Mt Pleasant 

Mount Tabor 

Mount Union 

Mount Vernon 

Mount Victory 

Newark 


1649 


Cuyahoga Falls... 

Dallasbnrg 

Dayton 


leff^-'fiB 
1859 


Cooper Female Semi- 
nary. 

JaB.C. Fischer, M.D. 

Lewis Groueweg 

Mrs.M.A.PUlabury.. 

S.B.McMUlan 

Dr.J.P.Kirtland.... 

Thomas J. Larsh 

Smith Sanford 

W.L.Schenck,M.D. 

H.M. Davidson 

H. M. Davidson and 
Wilson Davidson. 

WUson Davidson.... 

G. W. LIvesay 

A. P.Rogers 

Warren Pierce 

L. Groneweg 

J. S. Binkerd 

Prof P. Carter." 

Dr. 8. N. Sanford 

W.G. Fuller 

Rev. J. McD. Math- 
ews. 
C.C.Janes 


1868 


Dayton ........... 


1859-'60 


Dayton 


1849 


East Cleveland.... 

East Fairfield 

EastRockport 

Eaton 


1857-'60 
ie53-*55 

1859-'e0 
1854-55 


Ediubnrg 


Newark 


1859-'63 


Franklin 


New Concord 

New Lisbon 

NewWestfield.... 

North Bend 

North Fairfield.... 

Northwood 

Norton.... 


Prof. S. G. Irvine .... 

J.F. Benner 

A. E. Jerome 

R.B. Warder 

0. Burras 


1849 


Freedom ........ . 


]857-'ra 


Freedom 

Freedom .......... 


ie62-'63 

1868 

1867-68 


GalUpolis 

GalUpoUs 


Prof.J.R.W.Sloane. 

W.D.Wfttkins 

G. A. Hyde 


1852 
1849 




Norwalk 


1654 


Oarrettsville 


Norwalk 


Rev. Alfred Newton. 
Profs. FairchUd and 

Dascomb. 
Prof. J. N. AUen 

Prof.J.H.Fairo]iild.. 

Frederick Allen 

F.HoUenbeck 

F. and D. K. HoUen- 
beck. 

James H.Poe 

D. B.Cotton, M.D. . 

Lud. Engelbrecht 

Stephen 8. Dorsey. .. 
Jacob N. Deiellem .. 


1861-68 


Germantown 


Oberiin 


1849-'50 


Germantown 

GranvUle 


OberUn 


1851-S2 


Granville 


OberUn 


1857 


Harmar 


1853-'56 


HUlitborongh 

HiUKborough 

Hillsborough 

Hiram 


OberUn 


1860 


Penysburg 

Portsmouth 

Portsmouth 

Portsmouth 

RepubUc .......... 


1854-'56 

1658 


Dr. C. C. Samms 

8. L. HiUler and S. 

M. Luther. 
Spencer L. HiUler... 

S.M. Luther 

Dr. John Rhoadeg . .. 
Tfao«.F. Withrow... 


1857 


Hiram 


1855--58 
1859-'63 


Hiram 


1863-65 


Hocking Port 


1651 


Homer 


Richmond 


1854.'55 
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Kame of station. 


Name of observer. 


Years of 

obHerva- 

tlons. 


Name of station. 


Name of observer. 


Years of 

obsi'rva- 

tlons. , 


Ohio— Continued. 
Ripley . . 


J. Aromen 


1857-'61 

l864-'67 

18«7-'68 

l859-'60 

18.'il»-'68 

1854-'»;3 

l«fi2-'63 

1864-'66 

l861-'62 

1859-'6U 

1857 

1866 

IP(;4-'66 

1868 

1849--63 

1865-'68 

1859-61 

1859 

1^59 

1860-'68 

1859-'63 

181^ 

1854-'57 

1858 

1855-'68 

1856-'57 

lt57-'66 

1863 

1808-'62 

1868 

1863-'e7 

1861 

1860-'6l 

1649 

1864-'66 

1867-'68 

1857-'59 

1854 

1868 

1854 

1656 

i859 

1853-'57 

1865-'e8 

l863-'65 

1664-65 

1866--68 

1856 

1857-'58 

lP5l-'5c2 

1858-'50 

1861 

186^*65 

1864-'68 

185y-'60 

1863 

1854 

1867-'68 

185»-'58 

I859-'6l 

1858-'59 

1859 

ie59-'60 

i856-'6l 

1863-'65 

1849 

1867 

1867-'fl8 

186l-'65 

1865-'e8 

1654 

ia'ia-'54 

1867-'5e 


Penn.— Continued. 
Bvbcrrv 


John W. Sanrman . . . 
IsuacC. Martindale.. 
Prof. J. R Williams . . 

F.L. Stewart 

Rev.Wm.Smitb,D. D 

Charles Davis 

Lycen m Jeiferson Col. 

Prof. S. P. Baird 

Prof. W.C.Wilson... 
W.H.Cook 


l8AO-'6l 


Ripley 

Ripl.y 

RuHSfll 8taUon.... 

Sandusky 

Savannah 


Dr. G. Bamback 

Mrs. M.M. Marsh... 

J.W.Gamble 

Thomas Kitf 11 

Dr. John Ingram 

Rev. L. 8. Atkins 

James B. Fiaser 

Rev.L. F. Ward.... 

Wm F. Boweu 

Joiieph SbhW 

D.H. Tweedy 

John H.Myers 

Wm. Hoover 

R Hwell Marsh 

J.B. Do'.le 


Bvbprrv 


lP6i-*67 


If Iff 


1849 
1849 
1855-'61 
1863-'68 


Say brook ........ 


1660 


Saybrook 

Seville .... 


1861-'63 
184(1 


Sbaronvllle 


Carlisle 


18.^59 


Sidney .. . 


Carlisle 


1868 


Smitl.fieid 


Carpenter 


E.L.McNett 

R. P. Stevens 

Wm. Heyser, jr 

JoHepli Edwards 

JoMeph Edwards and 
John H. Smedley. 

Burnet McBbroy 

John Taylor 


186S 


Smiihvllle 

Smith ville 

SteubenvlUe 

Stenbenvllle 


Ceres 

Chambersbnrg 

Cbromidale 

Chrumedale 

Clarksburg 

CounellsviUe 

Darby 


1849-'54 
l858-'e2 
l854-'67 
1856 


Spfinglield 

Toltrdo 


SamutI C. Frey 

Sarah E. Bt nm'tt 

E. B. RaffenHperger . . 
J. B. TriMiibley, M. D 
Charles L.McClnng.. 

N. A. Chapman 

Miss A. Cni.ningkem. 
Mrs. ArdeliaC. King 
Pi of. M. G. Williams 

H. D. Mccarty 

B. F. Abell 


1853 


Toledo 


1849-'68 


Toledo 


John Jackson 

Theodore Day 

A. R. McCoy 

Prof. J. H. Coffin 

E.L. Dodder 

Selden J. Coffin 

Selden J. Coffin and 
G. 8. Hoaghton. 

Geo. 8. Houghton 

James E. '1 racy 

Benjamin Grant 

W.H.Spera 

Eb*-nezer Hance 

Rev. M. A. Toiman .. 

Dr. A. Alter 

Andrew Ronlston 

A.D.Wier 


1849-'53 


Troy . ....... . 


Uyberrv 


1865-'68 


Twinsbnrg 

Uiiiooville 


Eauton 

Easton 


1649 
1851 


Unionville 


Easton 


IbSI 


XJrbana 


Eaxton 


18')7-*5B 


Went Bedford 


Easton 


1859-'60 


Welohfield 


Easton 




Wellington 

WeBtervlUe 


Rev. L. F.Ward 

Prof. Jno. Haywood. . 

Prof. H. A. Thompson 

A.S. Stnver 

Rev. Wm. Lumsden . 

Eugene Pardee 

Martin Winger 

John R Wilkinson... 
Samuel W. Treat.... 

A.Jacqne 

W.A.Anthony 

John P. L kins 

L. M.Dayton 

Adam Pt-iirs 

J.G.F.Hol8ton,M.D. 

8. M. W. HIndman . . . 

R. B. Ironside 

S. M. W. Hindman .. 

A.D.Barnard 

James A. Snyder 

W.U. Wagner 

Geo. A.Atkinson 

Geo. H. Steb bins 

Thos. H.Crawford... 
P. L. Willis 


1861 


EastSmithfleld.... 
Erie 


18,39 
1849 


Westerville . 


Ephrata 


1865-*68 


Western Star 

Wi-at Union 


Kallsington 

Franklin 


186.V68 
1867-68 


Woouter 


Freeport 


1849 


W«>oster 


•Freeport 


1849^*91 


"Willlamsport 

Windham 


Freeport 


1854 


Freeport 


John H. Baird 

Samuel Bingger 

S.C.Walker 

S.Ebert 


1860 • 


Y an keetown 


Fleming 


1856-'67 


Yellow bprings 

Zauesflf Id 


Foantuln Dale 

Gennantown 

German town 

Gettysburg 

Gettysburg 

Gettysburg 

Grampian Hfflg.... 

Harrisburg 

Hanisbu.g 

Uarrlsb'urg 

Haverford 

HolUdayhburg 

HoneHlale 

Horsham 


1868 
1859 


Zaue^viile 


Thos. Meehan and J. 

Heehan. 
Thomas Meehan 

Prof. M. Jacobs 

Rev. M. Jacobs and 

D. Eyster. 
Rev. M. Jacobs and 

H. E. Jacobs. 

ElishaFenton 

Dr.J.Heinely 

W.O.Hlckok 

K. A. Martin 

Dr. Paul Swift 

J. R Lowrie 


186;j-'64 


Zauei«ville 




Zaneaville 

OREGON. 
Albany ........... 


1899-*61 
1865-'68 
1849-W 
1861 


Auijnrn.... 


16G2-'65 


Aubnm 




CorvalHs 


ie64-'eB 


Fort Snyder 

Furt Thompson . . . 

OrfgonCiiy 

Portland 


1849-'68 
18S7-*64 

ie6a.'6i 

1893-'63 


Salem 


1853 


Salem . ... 


M H.Cobb 


1853 




Rodman SIsson 

W.R. Boyers 

R Weiser 


Miss Anna Spencer.. 
Wm.BnwBter,M.D. 

Wm.E. Baker 

David Peelor 

Wm. D. Hildebrand 
and David Peelor. 

David Peelor 

Francis Schrelner — 
F. A. Muhlenbnrgjr . 

JohnWiKe 

Prof. Rudolph Mnller. 

W.R Boyers 

Prof. C. S. James 

Messrs. Edwards and 
Miller. 

Joseph Edwards 

John H. Smedley 

James Barrett 

Corydon Marks 

Prof. L.D. Williams.. 
T. H. Tbickstun .... 
Isaac N. Keriin, M. D. 


1864-'68 


PSffNSTLVAMIA. 


Huntingdon 

Ickesbnrg 


18.'» 
1867-'flB 


Ablnirton 


Indifina • .......... 


1849 '51 


Altoona 


Indiana ........... 


1858 


Altoona 


Johnstown 

'Kiiig^leys 




AcderHvUle 


1868 


Beaver 


Rev. R T.Taylor.... 

•Samuel Biown 

Rev. H. Heckerman.. 

J.LBurrell 

Franklin W. Cook... 
T.B.Cook& Sons... 
John Eggert 


1893 


Bedford 


Lancaster 


1849 


Bedford 


Lancaster 


1849-'51 


Belief nte 


Latmbe 


1860-'68 


Bendersville. ... 


Latrobe 


1861 


Btnders ville 

Berwick 


Lewisburg 

Lima 


1855-'60 
186.V68 




L.RHuebener 

Nathan C Tooker ... 
Prof. A M.Mayer.... 

W.R. Boyers 

JobnGmthwohl 

D. 8. Deerlug 

JohnComly 


1849-'58 


Bethlehem 

Betlihbem 


Lima 


1853 


Bethlehem 


Lima 


1859 


BInlrsville 


Linden 


185e-'S9 


Blooming Grove... 

Brookville 

Bvberrv 


MHnchester 

Meadville 

Mead ville 


1P4^'5« 
1849-'5I 
1854-'S8 




Media.; 


1880^ 



6 s 
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Lut of Smithsonian m^eorolagieal $tations and ob§ervera — Continned. 



Name of station. 


Name of obsenrer. 


Y'arsof 
observa- 
tions. 


Name of staaoo. 


Name of observer. 


Years of 
ohMTva- 
tions. 


Pbhn.— <3ontinned. 


R.L. Walker 

Ebenezer Hanee 

Muhion Moore 

Francis Schreiner 

Mary E. Hoffer 

Dr. Jacob R, Hotfer. . 
ThouiasH. Stewart. - 

F.L. Stewart 

E.T.KIuge 


1863 
184»-'64 

1^59 

185:W57 

ie57-'5« 

1860-68 

1857-59 

1867-'68 

1651 

1852 

1859-'60 

1861 

1863 

]863-'66 

1866-'fi8 

ie51-'63 

1867 

1856-'68 

1863-'64 

1865 

1854-'58 

1859-63 

1865 

1849 

1849 

1849-'52 

1849-'52 

185d-'60 

l862-'68 

1857-'68 

1860-'61 

1863 

1864 

1864-65 

1867 

1841V51 

1849-'54 

185iJ-'58 

1857 

1855 

1&% 

1859-'61 

1863 

1868 

1853-'5B 

ll<C6-'68 

1854-'55 

18.55 

1857 

1858 

1851-'58 

ie54-'56 

1857-'63 

18fi6-'68 

1858 

1858 

ie59-'60 

1861 

1862 

18.%-'63 

1863-'68 

1852 

1856 

1857-'61 

1866-'67 

1849 

1849-'51 

1852-*54 

1858 

1859 

1863 

1856.'60 


Tioga 


E.T.Bentley 

8. J. Coffin, W. H. 
Dean, L H. Kings- 
bury. 

Victor Scriba 

Freeman Lewis 

C. P. Jones 


1863-'68 


Morriaviile 


Towanda 


1861 


Morrii^ville 

MovB Grave 

Mount Joy 

Mount Joy 

MurrynvllTe 

Marry HVille 

Naaareth 


TroyHUl 

UoioDtown 

Valley Forge 

Warrior's Mark.-.. 

Waynesboro' 

Wellsboro' 

Weaichester 

Westchester 

Whitehall Station . 

Williamsport 

Wunhlngton 

Toongsville 

RHODE ISLAND. 

East Greenwich... 
Newport 


1855-'56 

1849 

1849 


J. RLowrie 


1854 


Rev. D. J. Eyler 

Henry W. Thorp.... 

Samuel A Ittop 

Prof. A. G.Clark and 
T. H. Aldrich. 

Dr. G' o. Martin 

Edward Kohler 

H.CMoyer 


]853-'5i 


Naaar^th 


E. T. Kluge and E. 

Kummer. 
H.A.Bricken8tein... 

J. C. Harvey 

O.T.Huebner 

O.T.HuebnerandL. 

E. Rlcknecker. 

L. E. Ricksecker 

E. M. McConnell 

Rev. J. G. Ralston 

John T. MUliken 

Edward Kohler 

Jume«A.Weeki« 

Henry DufBeld, M. D. 

Jacob Frautz 

Fenelon Darlington.. 

U. 8. Navy.yard .... 
Lt. Jos. Reed, U.S.N. 

Dr. Paul Swift 

J.F.Coorlies 

Prof. J. A. Kirkpat- 

rick. 
U. 8. Naval Hospital 
J. C. Martlndale, M.D. 
P.Friel 


1849 


Kasareth 


185ft-'aO 
1864-65 


Kanreth 




NttKHreth. ......... 


1868 


Nasaretb 


1859-'60 




1864 


HaEareth 


Samuel 8cott 

Dr.A.aBlodget.... 

B.G. Arnold 

Samuel Powel 

Wm. H. CrandaU.... 
Henry C. Sheldon... 

Geo. Manchester 

Prof. A. CasweU 

U.C. Sheldon 

H.W.Ravenel 

Rev. J. H. Cornish... 

B. 8. Earle 


18.')9-'fl2 


Newcastle 

Norristown 

Northeast 

North WhitehaU... 
Oil City 


1853-'54 
18S5-'S6 


Oxford. 


1854 


Paradise 


Newport 


1865-'68 


ParkervUle 

Philadelphia 

Philadelphia 

Philadelphia. 

Philadelphia 

Philadelphia 


North Scitnate.... 

Portsmouth 

Providence 

Providence 

SOUTH CAROLINA. 

Aiken 


1853-'54 
1654 
1849-'fi7 
186U-'64 

1854-'56 


Philadelphia 

Philadelphia 

Philadelphia 

PhiladelphU 

Philadelphia 

Philadelphia 

Pittvburg 


Aiken 


1857-61 


Anderson 

BarratttivUle 

Beaufort 


1867-'68 
1868 


Homer Eacheni 

Penn'vHuia Hospital. . 
J.M.E1UB 


Dr. Jna P. Barratt . .. 
Dr. M.M. Mamh and 
Mrs. Marsh. 

ThoB. P. Ravenel 

J. A. Young, ML D... 

T. Carpenter 

Prof.L.&Gibbe8.... 
Dr. Jos. JohuMU . . . 
J. L. Dawbon.M.D.. 
Job. Johnson, M. D., 

and J. L. Dawson. 

M. D.. and G. 8. 

Pelaer, M. D. 

Col. W. WaUace 

F. H. Harleston 

Prof. J. a White .... 

Capt. C. C. Tew 

E. H.Barton, M. D.. 
Sup't Arsenal Acud'y . 

E. N. FuUer 

Rev. Alex. Glennie . . 

Charles Petty 

MaJ. J. W. Abort, U. 

8. Bug., Capt. C. 

R. Suter. 
M^. C. R. Suter, U. 

8. Engineers. 
E. N. Fuller, M. D .. 

Thos. A. Elliott 

Joseph T.Zealy.x... 

H.W.Ravenel 

Thos. P. Ravenel 

Rev. Alex. Glennie.. 
Chan. Petty 


1849-'51 
1863-*65 


Black Oak 

Camden 

Camden 




Edward Fenderich... 

Dr.H. 8myser 

W.W. Wilson 

Wm. Martin 


1856-'61 


PittKburg 


1849-'51 


Pittsburg 


18.W-'57 

l851-'54 

1651 

1855-*.W 

1857 

18o8-'61 


Pittsburg 


Pittsburg 


John Hastings and 

Wm. Martin. 
Wm. Martin and Dr. 

Alex. M. Speer. 
Dr. Alex. M.Speer ... 
Prof. Rudolph Muller. 

MarcUH H. Cort-on 

Fenelon Darlington. . 

John Hughes 

Dr. A.Htger 

Rev. B. R. Smyser ... 

D. Washburn 

Orrin T. Hobbs 

John Heyl Raser 

Dr. J. R Peale and 
CharUsHahr. 

Dr.A.P.Meybert.... 

John I. Tnivdii .... 

J. L Travelli and G. 
H. Tracy. 

Gei-rge H. Tracy 


Charleston 

Charleston 

Charleston 

Charleston 

Columbia > 


PfUaburg 


Pittsburg 


Pittsburg 

Flynionth Meeting. 
Pocopson .4 


1851 

1656 




Columbia 


Pottsville 


Columbia 


1856 
1858 
1859 
1859 
18-i5-'57 


Pottsville 


Columbia . . 


Pottsville 


Columbia 

Columbia 


Pottsville 




Edisto IsOand 

Georgetown 

Gowdynville 

Hilton Head 

Hilton Head 

Mount Pleasant ... 

Orangeburg 

Orangeburg 

St. Johns 


Heading 


1859-'61 

1868 

1864 


Heading 


Serantnn 


1865 

1857 

1849 

1P49 

1849-'5a 

1859--60 

1854-'58 

1866--OT 


fiewickleyville.... 
Sewlckleyville.... 

flewickleyvllle.... 
Shamokin 


Silver Spring 


H.G.Brackart 

Rev. DavidJ.Eyler.. 
Dr. F. Chorpenning.. 

George Mowry 

J. Russell Dutton 

Wm. A. Stokes 

Lorin Blodget 

W.O. Blodgett 

M.Abbott 


St. Johns 


Bomerset 


Waccaman 

Wilkinsville 

' TENNX8SSE. 
Anstin 


Somerset 


SomerMet . .' 


8. K Jennings, M.D. 

P. B. Calhoun 

Dr.G H. Blaker.... 
Prof. W. M. Stewart . 

Thos. L.Sawyer 

B.P.Tavel.. 


StevenHviUe 

St. Mary's 




Sugar Grove 


1860->*61 


Sagar Grove 


AuMtin 


1868 


Summit Hill 


Chattanooga 

Clarksvlile 

Dixon Springs 

Dover 


1864 
]851-'6B 
1838 
1849 


Summit ville 

Tarwi'nm 


H. H. Atwater 

JohnH.Baird 
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Name of station. 


Name of observer. 


Years of 
observa- 
tions. 


Nameofitatioii. 


Name of observer. 


Years of 
observa- 
tions. 


TKNN.—Continiied. 

EUsabethton 

Fa>etteTiUe 


Charles H. Lewis 

Dr. W. W. McNulty. 
Jos. M. Parker, M.D. 
Dr. Robert T. Carter 
S. S. A^W. S. Doak.. 

0. W.Morris 

Prof Geo. Cooke 

Prot Geo. Cooke and 
L. Gnswold. 

T. L.Gri8wold 

Stephen C. Dodge ... 
J. R. Blake 


1868 

184^'5l 

1867 

1854-'55 

1866-'68 

ie5l-'58 

1853 

1854 

1855-'56 

1860 

1859-'60 

1851-'54 

1854 

1866-'67 

1867-68 

1849, '53 

185l-'53 

1857-'58 

1857 

1850 

1860-'61 

1867-'68 

1849 

1849 

1854 

1867-'68 

1859-'6i 

1854 

lb59-'6l 

1856-'57 
185d.'60 

1860 
1852-'56 
1854 
J857 

1858-'64 

1858-'61 

I867-'68 

1859 

1859-'60 

1860-'61 

1859 

1859-'61 

1867-'68 

1866-'67 

1859 

1859-'60 

1859 
1867 

1859 

1859-'6l 

1867-'68 

1857-'58 

1859-'61 

lH59-'60 

ia5G-'57 

1862-'65 

1867-'68 

1849-'51 

1852 

1858-'60 

185y-'66 

18G6 

1859 

1858-'60 

1867 

1857 

185B.'a) 


Tex jk8— Continued. 

NewWied 

NewWied 

Pope*s Expedition . 

PortLaVaca 

Roundtop 


T. C. Ervendberg .. 
J. L. Forke 


1849-'M 
18S5-'a7 


Franklin 


James M.Reade 

James Gardiner 

Bruno Shuman 

J.O.Gaffhey 

Ernest Kapp 

T. A. Turner 

Dr.B.L.D'Spainand 

J. M. Bwing. 

William Colman 

James Rayal 

Dr. Wm. H. Gant... 
Edward Merrill, M. 

D. 

B. H. Rncker 

Prof. C. W. Yellowby 
F Kellog 


185&-*S7 


Friendship 

Oreenville 


1859 
1859-'61 


KnoxviUe 

Knoxville 


San Patricio 

Sisterdale 


1859-'e0 
ieS9-'60 


Knoxville ■,-..,.,.,. 


Springfield 

Tairrant t... ....... 


1859 




1859-'fl0 


Kv^xirtllf . T 


Texana ■ . .... 




KnoTVill^ . 


1859 


La Orange 

I^ebanon ^-r-, 


Turner's Point .... 

Union HiU 

Waco..... 


186L 


Prof. A. P. Stewart.. 
Prof. B. C. JilHon.... 
Edward P. Williams . 
Rev. C. P. P. Bancroft 
U.S. Navy Yard.-. 
R HarrlM 


1857-'61 


lA^banon ....... 


1867-'j68 


Lookout Mountaifl 
Lookout Mountain. 

Memphis 

Memphis 


Washington 

WebborviUo 

Wheelock 


1856.'aD 
1850-61 
18S0-'61 


Memphis 


• W. J. Tuck. M. D. 
Dr. D4inielP.Wright 
Drs. W J. Tuck aud 

R. W. Mitchell. 
R. W. Mitchell, M. D. 
Edward Goldsmith... 
Prof. Jas. Hamilton.. 

Wm. Rothrock 

James Hi^gius 

Fred. H. French 

J. W.Do<ige&Son.. 

Prof. Hamilton 

Chas.R. Barney 

James B. Bean 

S. W.Houghton 

Frederick Kaler 

Dr. Sam'l K. Jennings 

J.W.Glenn 

Dr. S. K. Jennings 
and J. Van Nostrand. 

Swante Palm 

J. Van Nostrand 

Prof. Solomon Sias .. 
G. Freese 


Woodboro 

UTAH. 

Gt. Salt Lake City. 
Gt Salt Lake City. 

Gt. Salt Lake City. 

Harrisburg 

Heberville 

RockvUle 


Dr.JaaE. Moke..'.. 

H.E. Phelps 

H.E. Phelps and W. 

W. Phelps. 
W.W.Phelps 

James Lewis 

Andrew L. Slber 

Harrison Pearee 

H. Poarce and G. A. 
Bni^n. 

Thomas Bullock 

Andrew L. Slber.... 

Thomas Bullock 

Harrison Pearoe 

B.F. Eaton, M. D... 
L. W. Bliss 


1659-'60 


Memphis 




Memohla 




Memphis 

Mf^raphiS T-rtrn.w^-iT- 


1857 
1858 


Nashville 




Nashville 


1859-*61 


Nashville 


1863-'68 


Nashville 


1667-6B 


Pomona -... 

Trenton 


1860-'61 
1866 - 


University Place, 
Franklin county. 

Walnut Orove 

Winchester 


St. George 

St. George 

St. Mary's 

Vineland 


186a-'6« 
1865-'66 

1665 
1864 




Wanxhip 


1866-'0B 


Aransas........... 


Washington 

VERMONT. 

Bamet 


1860 


Austin 




Austin 




Austin 


1866-'67 




Bradford 


1856-'57 


Austin 


Brandon 


*D. Bnckland 

Hani ion Bucklaud ... 

Charles C. Frost 

T.F. PoUord 

Prol Zadok Thomp- 
son. 
McK Petty 


18S&-'64 


Austin 


Brandon ......... 


l864-'67 


Bastrop 

Bonham ...... .... 


Brattleboro' 

Brookfield 

Burlington 

Burlhagton 

Calais 


]849-'51 

1863 

1849-'54 


Boston 




Boundary Survey . 
Bnrkeville 


John H. Clark 

Dr. N. P. West 

Hennell Stevens 

W. H. Gantt 

Dr. W. G. De Graf- 

fenried. 
F. S. Wade 


18.57-64 


James K. Toby 

D. Underwood 

M. E. Wing 


1861-'64 


Cedar Grove I^'n.. 


Castleton 


]858-'54 


ChappellHUl 

Columbus ......... 


Charlotte 


1866 


CraftMbury 

Cmftsbnry 

Kant Bethel 

EastMontpelier... 

Lunenburg 

Middlebury 

Middlebury 

Montpelier 

Montpelier 

North Craftsbnry.. 
Norwich 


Chas. A.J.Marsh... 
' James A. Paddock . 

Charles L. Paine 

B. J. Wheeler 

Hiram A. Cutting.... 
Prot W.H. Parker.. 
Harmon A. Sheldon. . 

D. P. Thompson 

M.M. Marsh 

Rev. Edward P. WHd 

A, Jackman 

R.M. Mauley 

Charles L. Paine 

Joseph Parker 

* 8.0. Mend 

J C Baker .... 


18S3-'54 


OroM Roadfl ....... 


1855-67 
1865 


Dallas 


John M.Crockett.... 
Drs. C. H.Wilkinson, 

H. A.McComly,and 

others. 

Geo. G. Shnmard 

J M. Glasco 


1855 


Galveston. ........ 


l859-'68 


Geological Survey. 
GHnifl? 


1849-'53 
1865-68 
1849, '51 
1863 


Goliad 


' John C. Brigfatman . . 

Melvin H. AlUs 

Dr. R. DeJomett.... 
John C. Brlghtman .. 
*Dr. A.M. Potter... 

MlMs E.Baxter 

H.Yoakum 

J. H. Browne 

T. Gibbs 


1867-'68 
1855-'59 


Gonzales 


Randolph 


]849-'51 


Greenville 


Randolph 


1866-'68 


Helena 


Rupert ... 


1857-63 


Houston 


Rutland 


186S^.'64 


Houston .......... 


Saxes' Mills 

ShelbuTiio.. .... 


1855 


BuntsviUe 


Georgo Bliss 


1855-'57 


Huntsville 

Huntsville ,.. 


Springfield 

St. Johnsbury 

St Johnsbury 

WestPalrlee 

Wilmington 

Woodstock 

Woodstock 

Woodstock 


Rev. J. W. Chlckering 
J. K. Colby and J. P. 

Fairbanks. 
Franklin Fairbanks.. 
L. W. Bllwi 


1860-'63 
1853-'55 


Kaufman ,-.. 


James T. Rayal 

James Brown 

W. T. Epperson 

P. L. Yoakum 

M. Rutherford 

A. Forke and Otto 

Priedrlch. 
Otto Prtedrich 




Kftnfman. 


18S7-'61 


Jefferson 


1858 


Larissa 


Charles Marsh 

Lester A. Miller 

H. Doten and L. A. 
Miller. 


]866-'67 


Long Point 

NewBraunfels 

NewBraunfeli.... 


18OT-'68 

1867 

1868 

T 
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HanMofstattoD. 


Name of observer. 


Tears of 

ob erva- 

tions. 


Naaie of station. 


Name of observer. 


Years of 
observa- 
tions. 


▼IRaiRIA. 

Anna 


Rev.O. B.MoKe©... 
BenJ. HalloweU 

Samuel Couch 

MIssE. Kowaslar.... 

Dr. H. Kownslar 

C. R. Moore. 


ie58-'59 

1849 

1853-'58 

18"vl 

ie56-'a7 

1855-W 

1858 

1EG8 

lH5a,'54 

185i-'54 

1855, '58 

1858-'59 

1867-'e8 

1856-'57 

1849-'51 

ia')9-'6l 

1851 

1853 

1859-»6l 

1852-'61 

1849-'5l 

1859-'6l 

1859-'61 

1849 

18.-9-'61 

1656 

1859 

1849 

1858 

1849 

1867 

1858 

1868 

1849 

ia54 

1861 

1867-'e8 

1859 

1857 

1854 

1866-'68 

l8-)I-52 

1857-'59 

1852 

1854 

18o6-'57 

185&-'59 

185t;-'58 

185.V.'56 

1867-08 

1857-'38 

1859-'6l 

1868 

185a-'60 

1800-'fil 

1 849-68 

1849-'52 

184;)-'54 

lferiD-'6l 

1860 

J857-'58 

lH57-'58 

18:)6-'58 

1857-'58 

J8.V»-'61 

lfc67-'68 

1849 

18K6 

1859 

18»!7-'e8 

1859-60 

185-2-'6l 

ie5M-'6l 

1861 

186.Ve6 

18<S 


WASHIKOTON TKR- 
KITORT. 

Fort Colvllle 

Fort 8teilacoom. .. 
Port Vancouver . . . 

NeeabBay 

Neeah Bay 

Port Tow nsend 

WBST YIROINIA. 

Ashland 


Capt. Hagne 

DavidWolker.M. D. 
Dr Bamos 


iefio-'8i 


Alexandria 


1863-'G4 
1859 


Ashland 


James G. Swan 

Alexander Sampson . . 
S.S.Bnlkley 

Charles L.RoiIb 

Robert H. BUven.... 
J. J. Oifutt,M.D.... 
D. H. Ellis 


1863-'68 


Berry villa 


1867 
I867-'68 


Berry ville 




Bi idgeton 




Bridgewater 


J. d. Hotchkiss 

Prof. G. R. Rossitor.. 

Samuel Couch 

Wm. R. Boyers 

* J»a G. Potts 

Jas.£. Kendall 

Chas. J. Meriwether . 

J Ralls Abell 

Wm. C. HHfcan 

Chas. J. Meriwether. . 
Geo. C. Dickinson . . . 

R. P. Astrop 

R. P. Astrop 

Abraham Van Doren. 

Chas. H.Roby 

B. R. Welllord 

SUasB. Jouei' 

T. S. Reckwith, M. D. 

Julian C. Ruffln 

United States Navy 

Yard. 
Abraham Van Doren 
J. C. Wills 


1865-*6B 


Buffalo 


Burning Springs... 

Capon Bridge 

Crackwhip 

Grafton 

Hampshire county. 

Harper's Perry 

Huutersville 

Kanawha 


1867-'68 


BnffHio 


1857 


Oapt* Charles 

Cbaiiehton 

Charlottes vOle 

CbariottesviUe .... 
Cb'istiansbarg .... 

Cobbain. 

Cf*b'>am Depot 

Crichton's Store... 
DLiu.otid Grove ... 

Falmouth ... 

Fredericksburg 

Fn^derickMbnrg 

Fork Union 

Gary s villa 

QarysviU© 

Oosport 


1856-'5r 


D.W. H. Shajp 

S.J. Stumps 

I, J Bt'll 


1867-'68 

1868 

1860 


Wm. Skeen 


i85i-*ar 


pavldl^ Kuffher.... 
James E. Kendall.... 

W. (J. Reynolds 

Dr. Wm. N. Patton.. 

Dr. Thos. Patton 

Thos. Patton and J. 
W. Si.dmuker. 

J. W. Stalmaker 

Hendricks Clark 

W.R. Boyers 

MarKhall McDcAald.. 
W.H. McDowell.... 
Enoch D. Johnson... 
D. H. Ellis 


1856-'57 


Kanawbi^ - . - - - . . , 


1856 


Kanawha Salines.. 

Lewi^burg 

Lewlhburg 

Lewisbnrg 

Lewisburg 

New Creek Station. 
Point Pleasant .... 
Romney .... ...... 


1860-'6l 
1858-'59 
185l-'5a 
1853-'5r 
1858 

i8s»-m 

18jft--65 
1858 




1852 


ETartwood 


Romney .......... 


186ft-'68 


Heat hn ville 


SintersvlUe 

WardensviUe 

Wellsburg 

Weston 


1857-*58 


I]ewli'ti*M 


J P Adams . . 


18.^ 


HollidHv'K Cove . . . 
JohntMintown 


B. D. Sanders 

C. R, Moore 

N. P. D. Browne.... 
Samuel X. Jaokson .. 

Wm. K.Park 

W.H. Ruflfner 

Geo. W. I pshaw — 
TboM. J. Wickiine... 
A. Nettleton 


B. D. Sanders 

Benjamin Owen 

W CQuincy 

* Geo. P. Lockwood . 
JohiahW. HoflT 

Prof. R.Z. Mason.... 

John HickM 

Dr. M. J. E. Hurlburt 

Prol. J C. Poye 

Edwin Ellis 


1859-m 
1839-W 
1868 


Leeitbnrg ........ 


Weat Union 

W^fteliog 


ie55-*5(l 


Lexington 

Lexington 

Lloyd 


1859-'4HI 


Wirt 


185(K.'58 


W13C0N8I5. 
Appleton 




Longwood 

Lynchburg 

Lynchburg 

Itarllson 




Cha.s. J. Meriwether . 
Dr. A. M. Giinnan... 

James Slaven 

L. C. Brecken stein .. 
Cha-. J. Meriwether . 
H. H. Fauntleroy.... 

Edwd. £. 8 pence 

Jed. Hotchkiss 

Jus. T. Clarke 

James Praser 

James Prater 

Un ted States Naval 
Hospital. 

N. B. WebHter 

Naval Hospital 

EdwardT. Tayloe .. 
Prof. Prs. J. Nuttaner 

David Turner 

Chas. J. Meriwether . 

John Appl yard 

Geo. W. Upshaw.... 
Geo. C. Dickmson ... 

Julian C. Ruffln 

J. Carson Wells 

John R. Hurdle 

J. W. Stalnaker 

J. B. Imboien 

J. C. Covell 


18S6-'6l 


Appleton 

Appleton . ........ 


1867 


Iffttdow Dale 


1867 


MiddiesHX 

Montcalm 


Appleton 

Ashland 


1867-'68 
1862 


Montrose 


Aztalun 


Jitmen G. Brayton 

Dr. B.P.MU1S 

M. C. Walte 

Edwin EiUs 

Harve. T. Nourse 

Andrew Tate 

Thomas Gay 

Prof. 8. P. Lathrop.. 
J. McQnigg and W. 
Portrr. 

Prof. Wm. Porter 

Prof. Henry 8. Kelsey 

Henry D. Porter 

Emil Hanser 

George Muttaews 

D. Matthews 

D. and G. Matthews.. 

George Mathews 

8. Armhtrorig 

Simnel R. Seibert... 
Mi»KM. B.Baker.... 

M. H. Towers 

Prof. A.W.Clark... 

Chan. W. Kelly 

Levens Eddy 

Henry J. Shintx 

Orrin uinnmore 

J. Everett Beod 

M T.W. Chandler.. 
Wm. M. Blandiog... 
Wm.Gale 


1849-*.*^ 


Moiitro-s 


Baraboo 


1849-*53 


Mousy Creek. 




1864-*68 


Bay City 


1857-'58 




Bayfield 


I808-59 


Mnstapha 

Niw England 

Norfolk 


Bayfield 


1867-'68 


Bellefontaine 

Belolt 


185l-'54 
1849-'54 




Beiolt 


1854 


Portsmouth 


Beloit 


IdSS-YK) 


Powhatiiu Hill .... 


Bfloit 


1861-'G2 


Prince Edward 


Bil<.it. 


1863-*67 


Richmond 

Richmond 


Back River Falls-. 
Briehton 


1859 
1862-HD 


Richmond. 


Burlington 

Burlington 

Burlington 

Caldwell Prairie... 
Cascade Valley.... 
Ceresco 


ib:& 


R"he Hill 


1860 


Rongemont 

Rathven 


1861 
1860-'61 


Salem 


1856 


8ml hflnld 


1854-55 


8iiowviile 


Dartford 


1861 -'69 


Staunton 


Ddafleld 


1859-*60 




Delafield 


]86U'63 


Siriollng Springs.. 
Surry 


Jed. HotchkiHS 

BeiU. W.Junes 

Job. Pickett 

J.W.Marvin 

W. D. Roedel 

Howard Shriver 


Delavan 


18H4-'67 


Edgerton 


1867-68 


Thf Plains 

Wiucu ester 


Emerald Grove 

Embarras 


1849-'5a 
1864 


Wythtville 

WytUeville . .:.... 
Wytt>oviUe 


Falls of St Croix.. 
Palls of St, Croix.. 
GaletvlUe 


1866-'68 

ia-»7 

1858 
1867-*68 
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List of Smitithomutn meteorologiMl $UUum$ and obstrvtrt — Continued. 



Name of station. 


Name of obaerver. 


Years of 
observa- 
tions 


Name of stetton. 


Nome of observer. 


Years of 

observa- 
tions. 


Geneva 


WulH. WUting.... 
Col. D. Underwood.. 

C. P. Poineroy 

Judge flopewell Cox. 

John Do Lyiier 

G. P. Livingston 

J. P. Willard 

Geo. J. Kellogg 

Dr. Clark G. Pease.. 

Unnlel Htruok 

Rev. John Gridley... 

James H.Bell 

I«aac Atwood 

J. C. Hifks 


1863-»6B 

18W 

1864-'65 

185l-'S2 

IRlJJ-'ea 

18t)7.'68 

1854 

185.V3e 

18o9 

186a-'61 

1863 

18.)l-'5e 

1857-'63 

lH6i-'6a 

leaa-'ea 

1864 

\%:^ 

1833 
1854 

1656-'5e 

1856-'59 

1863-'65 

1860 

I860 

1661.'e3 

1857-'68 

1857-.'58 

1B49-'5B 

1854 

1657-'68 

1854-'6r 

1855-'3e 

185».'6J 

1859 

1856 

1865 

1867-66 


Wl8.--0onUniied. 

New London ....... 

Norway.... 


J. Everett Btved 

John B. Himoe 

Edwin Ellis, M.D. .. 
L. H. Doyle 


l8S7-*66 


Grevn Bay 

GncnBay 

Greeu Lake 


1855-'S7 
1863-68 


Odanim 


OtseKO 


]859-'0O 


Hartford 


Pardee vllle 

Platteville 

Plattevllle 

Ply mou h 


8. Armstrong 

Dr.J. L.Pickard.... 

A. K. Johnson 

G. Moeller 


18S9-'60 


Blugbam 


ISSU'SO 


Hndtfoii 


1850-'60 


Jan^gville 


186.V66 


Junt- tf ville 


PreiK-ott 


Spencer L. Hillier . . . 
Rev. Roswrll Park... 

W.J. Durham 

HllandW. Phelps... 
Prof. W. award... 

W. W. Curtis 

R H. Siruthera 

Rev. John Gridley. .. 
Edward 8. Spencer .. 
Wm. H Newton and 

L. Waithington. 
L. and R. Washington, 

and C. Loring, Jr. 

Wm. Mann 

G. R. Stunts and E. 

H. bly. 

8. Armstrong 

William Ayres 

ProtS. A. Bean.... 

Prof. 8. A. Bean and 
L.C.SlyH,M. D. 

J. Everett Breed 

H. G. Mend 


1857 


Janesvllle 


Racine 


1856 


JanfHvilie 


Rafilne 


1856-*9e 


Kenoaba 


Riicine 


1860-61 




Ripon 


lB65-'68 


Kilbonm City 

Lalie MilU 


Rocky Ron 

Rurnl 


i85».*aS 

1860-*61 


Lebaoon .......... 


Southport 


1849 


Llnd 


R. H. Stmthers 

Prof. 8. H. Carpenter. 
8. H. Carpenter and 
J. W. Sterling. 

A. SchucM. D 

Prof. J. W. Sterling . 

J. Jpnnings 


Summit 


1851-54 




Superior 


1895 


Mtiditfon 


Superior. •«....... 


1856 


Madlton 


Superior .......... 




Madison 


1859--0 
18S&-'6S 




Superior 


Madiaon 


Waterford 

Watertown 

Waukesha 

Waokesha 

Wanpacca 

Wanpacca 

Waupaca 

Wausan 

Weyanwega 

Weyanwega 

Weyanwega 

Weyanwega 

Whittleeey 




Madkon 


Prof. J. W. Sterling 
and S. P. Clarke. 

Prof. J. W. Sterling 
and W. Fellows. 

Jacob LOps 

Col. D. Underwood.. 

Carl Winkler, M.D.. 

P. C. Pomeroy 

Prof. E. P. Larkin... 

J. S.Paahley 

Wm. P. Horsford.... 
Ferdinand Haehes... 
JohnL. Dunegan.... 


1863 


Madbon 


1853 
1855- '56 


Manltowoe 

Menasha 


18S&.*90 
1887 


Milwaukee 


1856, '65 
1863-*a8 


Milwankee 

MUwankae 

Milwaukee 

MoHluee 


CD. Webster 

W. A. Gordon, M. D. 

Melzar Parker 

William Woods 

John C. Hicks 

• Dr. Jas. Matthews . 
Edwin JKlUs,M.D... 


1867 

les^'aD 

1860-'61 
1866 


MiantMonis 

NewHobteIn 


1866 
18B»J«0 
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LIST OF METEOROLOGICAL OBSERVEM. 



Alphdbetwal list of meteorological observers of ike Smifkeoniwa Institutianj 
up to the end of the year 1868. 



Name. 



State. 



Name. 



State. 



Abbe, Cleveland 

Abbott. M 

Abell, B.F 

Abell, J.Ralls 

Abert, Major J. W 

Abert, Thaver 

Acadia College 

Adams, E. L 

Adams, Prof. E. W 

Adams, I R 

Adams, J F 

Adams, J. F .>. 

Adams, Jno. W .". 

Adams, W. H 

Adams, W. P 

AgDew, J. C 

Agricaltnral College 

Alba,E. M 

Alcott, W. P 

Aldricb, T. H 

Aldricb, Veny 

Alexander, Arch 

Alexander, Captain R. £.. 

Alexander, J. M 

Alison, H. L 

Allen, Edwin 

Allen, Piof. E. A. H 

Allen, Frederick 

Allen, George D 

Allen, Prof. G. N 

Allen, Jamee', jr 

Allen, J. P 

Allen, W. D 

AUin, LncinsC 

Allis, Melvin H 

Allison, Jesse 

Allison, Thomas A 

Alsop, Samuel 

Aiter, Dr. D 

Alvoid, D S 

Ammen, J — 

Anderson, C. F 

Anderson, H. H 

Anden»oo, Dr. James 

Anderson, W. U 

Andrews, G. P 

Andrews, Prof. J. W .... 

Andrews, Seth L 

Andms, W. C 

Augeil, B. D 

Anthonioz, B. F 

Anthony, >ie wton 

Appleyard, John 

Araen,Tbo8. B 

Armstrong, M. K 

Armstrong, S 

Arnold, E G 

Ainold, James B 

Arnold, Mrs. J. T 

Asiron. Observatory, Wil- 
liams College 



Itichlgan. 

Pennsylvania. 

Ohio. 

Virginia. 

South Carolina. 

Florida. 

Nova Scotia. 

Massachusetts. 

Nonh Carolina. 

New York. 

Virginia. 

Georgia. 

Maine. 

Illinois. 

New York. 

Missouri. 

Kansas. 

New York. 

Massachusetts. 

Pennsylvania. 

Illinois. 

New Jersey. 

Bermuda. 

New York. 

Alabama. 

New Jersey. 

New York. 

Ohio. 

Florida. 

Ohio. 

Michigan. 

Mebraska. 

New York. 

Massachusetts. 

Texas. 

Illinois. 

North Carolina. 

Pennsylvania. 

Pennsylvania. 

Ohio. 

Ohio. 

Minnesota. 

Indiana. 

Georgia. 

Indiana. 

Michigan. 

Ohio. 

Michigan. 

Florida. 

Indiana. 

Louisiana. 

Ohio. 

Virginia. 

New York. 

Dakota Ter. 

Wisconsin. 

Rhode Island. 

Bermudas. 

Georgia. 

Massachusetts. 



Astrop, R. F 

Atkins, Rev. L. S 

Atkinson, George A 

Atkinson, William A .... 

Atwater, H. H 

Atw<»od, Isaac 

Aubier, Rev. J. M 

Austin, W.W 

Avery, Charles A 

Ayres,W 

Ayres, Dr. W. O 

•Babcock, A. J 

Babcock, Dr. B. F 

Babcock, E 

Babcock, E 

Bachelder, F. L 

Bachelder, J 

Bacon, D. G 

Bacon, E. E 

Bacon, Frank M 

Bacon, William 

Baer, Miss H. M 

Baer,Prof. W 

Bailey, James B 

Bailey. S. S.. 

Bailey, Thomas 

Baird, John H 

Baird, Prof. 8. F 

Baker, Frank 

Baker, J C 

Baker, Miss M. E 

Baker, N. T 

Baker, William E 

Baldwin, Or. A. S 

Baldwin, Elmer 

BaU, Miss Ida E 

Ball, Dr. J. E 

Ball, James H 

Ballon, N. E 

Bambach, Dr. G 

Baucroft, Rev. C. F. P... 
Bandolier, Adolphus F., jr. 

Bannister, U. M 

Barbage, Joshua C 

Barber, Prof. G. M 

Baiker, Thomas M 

Barlow, Dennis 

Barnard, Alonzo 

Barnard, A. D 

Barnes, C 

Barnes, Dr 

Barney, Charles R 

Barratt, Rev J. P 

Barrett, James 

Barrows, A. C 

Barrows, G. B 

Barrowe^ N 

Barrows, Storrs 

Bartlett,E. B 

Bartlett, Isaac-. 

Bartlett, Joshua 



Virginia. 

Ohio. 

Oregon. 

Iowa. 

Pennsylvania. 

Wittconsm. 

New York. 

Indiana. 

New York. 

Wisconsin. 

California. 

Illinois. 

Minnesota. 

Illinois. 

Iowa. 

Florida. 

Massachusettflu 

Kanftas* 

Illinois. 

Michigan. 

Massachusetts. 

Maiylaud. 

Maryland. 

Florida. 

Missouri. 

Massachusetts. 

Pennsylvania. 

Pennsylvania. 

Illinois. 

Vt. & Canada. 

Wisconsin. 

Illinois. 

Pennsylvania. 

Florida. 

Illinois. 

Iowa. , 

Iowa. 

New York. 

Illinois. 

Ohio. 

Tennessee. 

Illinois 

Alaska Ter. 

Kentucky. 

Ohio. 

Alabama. 

Arkansas. 

Minnesota. 

Oregon. 

Indiana. 

Washington Ter 

Tennessee. 

South Carolina. 

Pennsylvania. 

Ohio. 

Maine. 

Massachusetts. 

New York. 

New York. 

Indiana. 

Maine. 
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Alphabetical list of meteorological observers^ <&o. — Gontinued. 



Name. 


State. 


Name. 


State. 


•Barton, Dr. E. H 

Bas:«ett. G. R 


S. Car. and La. 

Illinois. 

Florida. 

TeJDtS. 

Iowa. 

Iowa. 

Io\%a. 

Fla. and Tenn. 

Wisconsin. 

New Jer8*»y. 

New York. 

Kentucky. 

New York. 

MlHsis?«ippL 

Virginia. 

Kansas. 

Ohio. 

Missouri. 

California. 

Iowa. 

Illinois. 

Maryland. 

Wisconsin. 

Maine. 

New Hampshire. 

Virginia. 

Maryland. 

New Hampshire. 

Alabama. 

Ohio. 

Ohio. 

Ohio. 

Ohio. 

Mexico. 

Massachnsetts. 

Kansas. 

Ky Ka8.,&Col. 

Michigan. 

Maine. 

Iowa and Ohio. 

Ohio. 

Michigan. 

N.H.,Ky,&Ind. 

Massachusetts. 

Kansas. 

Canada. 

Arkansas. 

Indiana. 

Tennessee. 

Tenn. and Mich. 

Calilornia. 

Illinois. 

Wisconsin. 

(Georgia. 

Vermont. 

Vermont. 

West Virginia. 

Pennsylvania. 

Pennsylvania. 

Pennsylvania. 

New York. 


Bly,E.H 

Board of Trade 


Wisconsin. 
Nova Scotia. 


Batchelder, F. L 


Boardman, G. A 

Boerner, C.G 


Florida. 


Baxter, Miss B .-.-.. 


Indiana. 


B«»al 1 >exf er 


Boettner, Gustave A 

Boeert. W 8 


Illinois. 


Be»l W W 


Florida. 


Beatuan, Carlisle D ..... . . 




Maryland. 
Massachusetts. 
Ohio. 
Califonia. 


Bean, Dr James B 

Beau, Prof. 8. A 

Beans. Thomas J......... 


*Bond,W.C 

Bos worth. Prof. R. 8 

Boucher, W.K 


Ben.d8ley, L. A 

Beatrv, O 


Bowen, Miss Anna M. J. . 
Bowen, J. 8 


Kansas. 
Kaunas. 


Beauchniiip. W. M 

Beckwiih, E. W 

Beck with, Dr. T. F 


Bowen, Wm. F 


Ohio. 


Bowles, Dr.S.B 

Bowlsby, G. W 


Missouri. 

Michigan. 

Illinois. 


Beckwith. W 


Bowman. E.H 

Bowman, John 


Beecher, Michael 


New York. 


Behmer, Frederick ...--.. 


Boyd, 8. T 


Ohio. 


Belcher. W. C 


Bovers. W. R 


Pennsylvania. 
Iowa. 


Belfield H. H 


Boyle, C.R 


Bell, Miss E. M. A 

Bell Jacob E 


Br«ckett,G. E 

Bravton. Jas. C. 


Maine. 
Wisconsin. 


Bell, James H 


Bravton, Milton 






Breckenstein, L. C 

Breed, J.Everett 

Breed, M.A 

Brendel. Dr. E 


Virginia. 

N Y and Wis 


Bell, Louis 


Bell, L. J 


Illinoia. 


Bell. Lewis J 


Illinois. 


Bell. Hon. 8. N 


Brendel, Dr. F 


Illinois. 


Benairh. Georse 


Brewer, Rev.FiskP 

Brewer, F. A .......... 


North Carolina. 


Benner. J. F 


Massachusf'tta. 


Bennett, Henry 


Brewster, Alfred 


New Hampshiie. 
Illinois. 


Bennett, tiarah £ 


Brewster, Wm., M. D 

Brickenstein, Rev. H. H. . 

Brinkerboff, G.M 

Brijr&s, E. L 


Benton, F. A 


Berendt,G 


lilinoiB. 


Berger. M. L 

Berky, W. H 


Iowa. 


Brig itman, J. C... ..... 


Texas. 


Berthoud. E. L 


Brooks, Kev.Jabez 

Brooks. Hon. J ... .. 


Minnesota. 


Betts. Charles 


Massachusetts. 


Bickford, Calvin 


Brooks, Wm 


New Jersey. 

Illinois 

New Hampshire. 

New Hampshire 

Mnine. 


Bid well, Dr. E.C 

Binkerd. J 8 


Brookes, Samuel 

Brown, Brafnch ......... 


Birnev. James Q. .... .... . 


Brown, B.G..^ 

Brown, E. E..' 


Bixby, A. 11 

Bixbv. J. H 


Brown, G. W 


Kansas. 


BlackiTtAri W. .7 R 




Kansas. 


Blackwell, Thomas 

Blackwell, W. H 


Brown, James 


Texas. 


Brown, Rev. J. J 

Browu, J. W 


New York. 


Blake, H 


Illinois. 


Blake J R 


Brown, N. W 


M assachnsettSr 


•Blaker, Dr. 0. H 

Blake.slee, Rev. S. V 

Blauchard. Orestes A 

Blaudiiig, WilliHm M 

Blewitt. Rev. W 


Brown, Prof. P. P 

Brown. P. P 

* Brown, Samuel 

Brown, W.B.G 

Browne. J. H. .......... 


Illinois. 
Ind. Ter. 
Pennsylvania. 
New Hampbhire 
Texas. 


Bliss. Georffe 


Browne, N. F. D 

Brown, 0. H 


Virginia. 
Kansas. 


BlisH, L W 


Bli ven, Robert H 


Biuckart, H. G 


Pennsylvania. 
Pennsylvania. 
Iowa. 


Blodgett, Ur. A. C 

Blodget, Lorin ....-- 


BruflTfirer. 8 .. ........ 


Bryant, A. F 


Blodget, W. 


Bryant, C.H 

Buck, Rufns 


Illinois. 


Bioodgood, S. De Witt 


Maine. 
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List of metearologioal observerSp dto. — Continaed. 



Name. 



State. 



Name. 



State. 



•Bnckland. D 

Buckner, Rev. H. F 

Bnlkeiey, 8.8 

Billiard, Ransom 

Buller.E.A 

Bullock, J.T 

Bullock, Thomas 

Burgoo. 0. A 

Burras, O 

Borrell, J.I 

Bun ill, Dr. Robert 

Bunongbs, R 

Burt, HenrjM 

Barton. John 

Bush, Rev. Alva 

BoB'^iug, D.S 

Bassiiig, J. W 

ButteiBeld, W.W 

Butt«i6eld, Mrs 

Byere, Dr. Robert 

Byere. 8.M 

Byers. William N 

Byram, E. N. ........... 

Byme, Arthur M 

Calder, J.G 

Caldwell, John H 

CaldwellJobnT 

Caldwell, R.H 

Calhoun, P. B 

Callowav, J.W 

Camp, £»o^amin P 

Camp, E.P 

Campbell, J 

Campbell, Dr. W.M.. ... 

Cantield. Dr. C. A 

Cautril, J. E 

Cannda.% Ant 

Capen, E 

Carey, Daniel 

Carli, Alberto >-.. 

*Carotber8. A. G 

Carpenter, B 

Carpenter, Prof. S. H 

Carpenter, 8.0 

Carpentt>r, T 

Carter, J. H 

Carter, Kev. J. P 

Carter, Prof. P 

Carter, Dr. Robert T 

Carter, Thomas 

Carver, Rev. E. W 

Carver, Dr.R.T 

Case, Dr. CD 

Case, Jarvis 

Caswell, Prof. A 

Caswell, Rev.R.C 

Cavileer, Chas 

Chadboume, Prof. P. A. . 

Chamberlain, J 

Chandler, Charles Q 

Chaudler, Dr. George 

Chandler, M.T.W 



Vermont. 

Arkansas. 

Wa«h. ler. 

Michigan. 

Maine. 

Indiana. 

lUah. 

Utah. 

Ohio. * 

Pennsylvania. 

Aikansas. « 

Indiana. 

Nebraska. 

Delaware. 

Iowa. 

New York. 

New York« 

ludiana. 

Indiana. 

Missouri. 

Minnesota. - 

Nebraska. 

New York. 

Illinois. 

Bet mudas. 

Massachusetto. 

Mibsonri. 

Kentucky. 

1 ennessee. 

North Carolina. 

Georgia. 

Kansas. 

Missouri. 

Michigan. 

California. 

Illinois. 

Guatemala. 

Illinois. 

Illinois. 

New York. 

Bahamas. 

Iowa. 

Wisconsin. 

New York. 

South Carolina. 

Louisiana 

Maryland. 

Ohio. 

Tennessee. 

North Carolina. 

Minnesota. 

Tennessee* 

Kentucky. 

Connecticut. 

Rhode Island. 

Newfoundland. 

Minnesota. 

Mass. &. Conn. 

Iowa. 

Missouri. 

Massachusetts. 

Wisconsin. 



Chapman, J.P 

Chapman, N. A .... 

Chappelsmith, J ..!.... 

Chase, Arthur 

Chase, Dr. Charles 

Chase. Cornelius 

Chase, C. Thornton 

Chase, Milton 

Cbase.T 

Cheney, W 

Chickering, J. W 

Chickering, Rev.J.W.. 

Child. Dr.A.L 

Child, Miss J. E 

Childs,E.W. 

Chorpenning, Dr. F . . . . 

Christian, John 

Clark, Prof A. G 

Clark, Prof. A. W 

Clark, Dr. D 

Clark, Sereno . . « 

( lark, Hendricks 

Clark, Thomas 

Claik, W.P 

Clarke, John 

Clttrke,J.r 

Clarke, Lawrence, jr 

Clarke, Mrs. Lawrence. .. 

Claikson, Rev. D 

Cleland, Kev. T. H 

Clement, John, jr 

Clough,J.B 

Cockoum,S 

Cobb,M.H 

Cobb,M.H 

Cobbs, Rev. R. A 

Cobleigh, Prof. N. E 

Coffin, Prof. J. H 

Coffin, Matthew 

CoffiOyheldcnJ 

Coffin, ProC William 

Cofrau,L. R 

Colbum,Ed 

Colby,Alfi-ed 

Colby, E.P 

Colby, J. K 

Cole, Barker 

Cole,E,C 

Coleman, J. A 

Collier, Alfred 

Collier,D.C 

Collier, Prof. George H. . . 

Collin, Prof. Alonzo 

Collins, Rev. Samuel 

Collins, Colonel W. O . . . . 

Colman, William 

Comings, G.P 

Comly, John 

Conant, Marshall 

Conkling, Thomas J 

Connolly, H 

Cook,E.B 



New York. 

Ohio. 

Indiana. 

New Hampshire. 

New Hampshire. 

New York. 

IJew York. 

Michigan. 

Ohio. 

Minnesota. 

New York. 

Vermont. 

Nebraska. 

Nebraska. 

Ohio. 

Pennsylvania. 

Missouri. 

Pennsylvania. 

Maryrd Sl Wis. 

Michigan. 

New York. 

West Virginia. 

Minnesota. 

Ohio. 

Ohio. 

Virginia. 

Hud. Bay Ter. 

Hud. Bay Ter. 

Kansas. 

Kent'y & Miss. 

New Jersey. 

Minnesota. 

Honduras. 

Pennsylvania. 

Connecticut. 

Alabama. 

Illinois. 

Pennsylvania. 

Michigan. 

Pennsylvania. 

Illinois. 

Maryland. 

Ohio. 

New Hampshire. 

New Hampshire. 

Vermont. 

New Jersey. 

New Jersey. 

Alabama. 

Massacbusetta. 

Colorado. 

Illioois. 

Iowa. 

Indiana. 

Idaho. 

Texas. 

MissourL 

Pennsylvania. 

Massachusetts. 

Missouri. 

Hud. Bay Ter. 

New York. 
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Name. 


State. 


Name. 


State. 


Cook, Ephr. R 


New Jersey. 

Pennsylvania. 

New Jersey. 

Pennsylvania. 

Pennsylvania. 

Tennessee. 

New Jersey. 

Ohio. 

Georgia. 

Pennsylvania. 

Florida. 

Alabama. 

South Carolina. 

Iowa. 

Pennsylvania. 

Gei.rgia. 

Ohio: 

New Jersey. 

Virginia. 

Arizona. 

Arkansas. 

Virginia. 

Indiana. 

New York. 

New York. 

Wisconsin. 

Canada West 

Rhode Island. 

Illinois. 

Ohio. 

Michigan. 

North Carolina. 

Delaware. 

Delaware. 

Delaware. 

Oregon. 

Mississippi. 

Indiana. 

Bahamas. 

Kansas. 

Texas. 

California. 

Ohio. 

Michigan. 

Indiaua. 

Mexico. 

Alabama 

Ohio. 

Massachusetts. 

Michigan. 

Wisconsin. 

Connecticut. 

California. 

Vermont. 

Alaska Tenrit*y. 

Maryland. 

Missouri. 

Maine. 

Georgia & Ala. 


Darlinirton. F 


Pennsylvania. 
Ohio. 


Cook.F.W 


Dascoiiib, Professor 

Davidson. H. M 

Davidson. W 


Cook, Prof. George H 

Cook. Thomas E.. &, hons . 


Ohio. 
Ohio. 


Cook.W.H 

Cooke, Prof. George 

Cooke. R.L 

Cooper Female Seminary. . 
Cooper, Dr. George F. ... 
Coorlies.J.F..... 


Davies. James F 

Davis, Charles 

*Davis, Rev. Dr. Emer- 
son 


Arkansas. 
Pennsylvania. 

Massacbusettf. 


Davis, George L. C 

Davis, R. J 


Mississippi. 

Virginia. 

Ohio. 

8oiith Carolina. 


♦Corey, Henry M 

Comette, Rev. A 


Davis. W.E 

Dawson, John L 

Dawson. W 

Dav. Theodore 


Cornish, Rev. J. H 

CofMe, John M...... ..... 


Indiana. 
Pennsylvania. 
New York. 


Corson, Rev. Marcus H . . . 


Dav. William 


Cotting.J.M : 

Cotton, Dr. D. B 

Couch, E.D 


Davton. E. A 


New York. 


Dayton. Lewis M 

Dayton. James H 

Deacon. Juhn C 

Dean, W. H 


Ohio. 
Indiana 


Conch, Samuel ........... 


New Jersey. 
Pennsylvania. 
Pennsylvania. 
Georgia &, Wis. 
Indiana. 


Cones, Dr.E 


Coult^r,B.F 

Covell.J.C 


Dealing. D. S 

Deckner. Frederick, &8on. 
Deem. D 


Coventry, W.B , 


Covert, A. B 


Deerinp. D.S 

De Graffenreid, Dr. W. G. 

De Jirnett, Dr. R 

De Lyser, J...... ...... 


Iowa ^ P«nn*A. 


Cowing,Philo 

Cox, Judge Hopewell 

Craigie,Dr.W 


Texas. 
Texas. 
Wisconsin. 


Crandall, WilUam H 

Crandon, F ,..xx. . 


*Delaney, E. M. J 

•Delaney. John, jr 

Denig. r^. r...... ...... 

Denison, H. L 

•Denning, W. H 

DenniM, W. C 


Newfoundland. 
Newfoundland. 


Crane, George W 


Nebraska. 


Crane, Ueber. .... ....... 


Kansas. 


Craven, Rev. B 

Craven, Thomas J ....... r 


New York. 
Florida. 


Crawford,R 

Crawford, W. A 


Desellen, J. N 

•Dewey, Prof. C 

Dewhurst, Rev.E 

De Wvl, iN 


Ohio. 
New York. 


Crawford, T. H 

Cribbs,J. R 


Me,Mass.,&.Ct. 
Missouri. 


CrisD. John F 


D*Spain, Dr.B. L 

Dickinson, George C 

Dickinson. James P 

Dickson, Waller 

Dill. John B 


T<^xa8. 


Cn8son,J. C 

Crocker, Allen 

Crockett, John M 

Crott. Charles 


Virginia. 
Iowa. 

Hud. Bay Ter. 
New York. 


Crookham, George L 

Crosbv.J. B 


Dille, Israel 

Dinsmore. H. \j, ,,, -,..,■ 


Ohio. 
New York. 


Croxier.Dr. E. S 

Crowtber, Beniamin 

Cnmminff. S. J.... ...... . 


Dinsmore. O. ........... 


WisconHin. 


Doak. S. S 


Tennessee. 


Doak, W. S 

Dodd. Prof. C. M 

Dodder. E. L 


Tennessee. 


Cunningham, Miss Ardelia. 

Cunningham, G. A 

Cunningham, J. D 

Currier, Alired 

Curtis. W.W 


Indiana. 

Pennsylvania. 

Tennessee. 

Tennessee. 

Missouri. 


Dodge, J. W.,&Son.... 

Dodge, Stephen C 

Dodson. B. D 


Cntler. Prof. R. 


Dole, J. G 


Ohio. 


Cutting, Ephr 

Cuttiiw. Hiram A . 


Dorat, Dr Charles 

Dorsev. 8. 8 


San Salvador. 
Ohio. 


DaU,W. H 


Dorweiler, P 

Doten, H 


Iowa. 


Dalrymple, A. P 

Dalton, O. D 

Dana, William D 

Darby, Prof. John 

Darling. L. A 


Vermont. 


Doughty. William H 

Duyle. Joseph B 

Doyle, L H 


Georgia. 

Ohio. 

Wisconsin. 


Draper, Dr. Joseph 


Massachusetts. 



'DeeesMd. 



Digitized by VjOOQIC 



90 LIST OF BfETEOROLOGICAL OBSERVERS. 

List of meteorological observers j &c. — GontinaecL 



Name. 



State. 



Name. 



State. 



Drew, Dr. F. P 

DnimmoDd, Rey. J. H. .. . 

Diysdale, Robert H 

Dubois, H. G., jr 

Dudley, T 

Duffieid, Dr. E 

Dnffield, Kev. Dr. George. . 

Dnffield, Dr. H 

Duncan, Rev. Alexander.. 

Dangan, John L 

Dankuiii, Mrs. E. S 

Dnnkum, W. L 

Dunwoody, W. P 

Durham, W .1 

Dutton, J. Russell 

Eachers, Homer 

Earle, E. 8 

Earle, J. W 

Earle, Silas 

Easter, Prof. J. D 

Eaton, Dr. B. F 

Ebert, S 

Eddy. Levens 

Edgerly, L. G.... 
Edwards, Dauiel.. 
Edwards & Miller. 
Edwards, Josenh.. 
Edwards. Rey.T)r.Tryon.. 

Eggert. John 

Eldridge, Key. W. V... 

Elletsun, Job 

Ellis, D.H 

Ellis, D.H 

Ellis, J. M 

Ellis, Dr. Edwin 

Ellis, Dr. W.T 

Elliott, Jonathan 

Elliott. Prof. J. Boyd... 

Elliott, J. C 

Elliott, T. A 

Ellsworth, J 

Ellsworth, Lewis 

Ellsworth, M. S 

Elstun, W. J 

Engelbrecht, liud 

Engelmann. Dr. George. 

Epperson. W.T 

Ervendberg, Dr. L. C... 

Eryendberg, T. C 

Eyans. John 

Eveleth, S 

Eveleth, Samuel A 

Eyerett. Franklin 

Ewing, J. M 

Eyler, Rey. D. J 

Eyster, D 

Fairall, H. H 

Fairchild, Prof. J. H... 

Faircbild, John P 

Fairbanks, F , 

Fairbanks, J. P 



Kansas. 

Kansas. 

North Carolina. 

Connecticut. 

Illinois. 

Missouri. 

Michigan. 

Pennsylvania. 

Illinois. 

Wisconsin. 

California. 

California. 

Iowa. 

Wisconsin. 

Pennsylvania. 

Pennsylvania. 

South Carolina. 

New York. 

Calif^imia. 

Georgia. 

Vermont 

Pennsylvania. 

Wisconsin. 

Illinois. 

New York. 

Pennsylvania. 

Pennsylvania. 

Connecticut. 

Pennsylvania. 

Illinois. 

New York. 

Massachusetts. 

Virginia. 

Pennsylvania. 

Mich. <& Wis. 

Coloiado&Kas. 

St. Domingo. 

Mississippi. 

Ohio. 

South Carolina. 

Illinois 

Illinois. 

Illinois. 

Indiana. 

Ohio. 

Missouri. 

Texas. 

Mexico. 

Texas. 

Nebraska. 

Maine. 

Maine. 

Michigan. 

Texas. 

Pftnnsylvania. 

Pennsylvania. 

Iowa. 

Ohio. 

New York. 

Vermont 

Vermont. 



Fallon, John Massachusetts. 



Famsworth, P. J 

Fauntlen>y, H. H 

Featherston, G W 

Fellows. H. B 

Fellows, W 

Felt, C. W., and others. 

Felt, John 

Female College, Arkadel- 

phia 

Fenderick, E 

Fendler, Aug 

Fendler, Aug 

Ferguson, (f F 

FerrisR, E. J 

Finfrock, J. H 

Finley, A. J 

Finley. H S 

Finley, P. F 

Finley, R.W 

Fischer, Dr. James C ... 

Fish, Edmund 

*Fish, Lucien 

Fisher. Dr. J. C 

Fisher, Dr. Galen, M 

Fiske, W. M. L 

Fitch, Dr. Joseph 

Fitzgerald, Kev. F 

Fleming, John 

Fiett Andrew 

Flint, Prof. W 

Flippin, W. B 

Florer, Thomas W 

Foote, Elisha 

FolHom, C. A 

Force, N. P 

Forey, J. C 

Foike, A 

Forke, J. L 

Foster, J. H 

Foster. Robert W 

Foster, W. L 

Foye, Pr.»f. J. C 

Frantz, Jacob 

Eraser, James 

Eraser, James 

Eraser, James B 

Fieem^n, F.N 

Freeman, H. C 

Freese.G 

French, Fred. H 

French, I. S 

French. J. B...... ...... 

French. J. R 

I-Yey, Samuel C 

Friedrich, Otto 

Friel, P 

Fries. G. W 

Fritts, J. S 

Frombes, Prof. Oliver S.. 

Frost Prof. A 

Frost C.C 

Frost Colonel E. C 

digitized 



Iowa. 

Virginia. 

Arkansas. 

New York. 

Wisconsin. 

Massachusetts. 

New York. 

Arkansas. 

Pennsylvania. 

Massachusetts. 

Missouri. 

Florida. 

Ohio. 

Idaho. 

Iowa. 

Iowa. 

Arkansas • 

Missouri. 

Ohio. 

Kansas. 

Kansas. 

Ohio. 

Florida. 

New York. 

Illinois. 

North Carolina 

New Jersey. 

Hud. Bay Ter. 

New Yotk. 

Arkansas. 

MisHissippi. 

New York. 

Mississippi. 

MissourL 

Iowa. 

Texas. 

Texas. 

Michigan. 

Louisiana. 

Alabama. 

Wisconsin. 

Pennsylvania. 

Ohio. 

Virginia. 

Ohio. 

New Hampshire. 

Illinois. 

Texas. 

Tennessee. 

New Hampshire. 

New Hampshire. 

New York. 

Ohio. 

Texas. 

Pennsylvania. 

New York. 

New Jersey. 

California. 

New Jersey. 

Vermont 

Ndw York. 

byGuU5^ 
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Name. 



Ftt, Lieutenant Joseph. . 

Fuller, Dr. E.N 

Fuller, B.M 

Fuller, W.G 

Gaffnvj. J. O 

Gaines, Rev. A. G 

Gale, W 

Gamble. J. W 

Gantt, Dr. W. H 

Churdiner, James 

Gardtuer, J. H 

Gardiner, R. H 

* Gardiner, Hon. R. H... 

Garland, J. G 

Garland, Samuel G 

Garrison, O. E 

Ganrin, Dr. P. C -^. 

Gary, Jacob S 

Gay, Thomas 

Gay. V. P 

Gibbes. Prof. L. R 

Gibbon, Lardner 

Gibbons, U 

Gibbons, J. S 

Gibbs, T 

Gibson, H 

Gibson, R. T 

Giddineft, Rev. George B 

Gidley, LM 

Gifford, B. R 

Gifford, R. R 

Giles, F.W 

Gill. Joseph H 

Gillingham, W 

Gllliss, Charles J 

Oilman, Stephen 

Oilman, W.H 

Oilman, W. S.,jr 

Oilmore, M 

Gilmour, A. H. J ....... 

Glasco, J. M 

Glenn, J M 

Glennie, Rev. Alex 

Glover, Eli S 

Goff, Mrs. M. A ........ 

Gold, T.S 

Goldsmith, E 

Goodman, W. K 

Goodnow, LT 

Gordon, Robert 

Gordon, Dr. W. A 

Gorton, J. S 

Goss,B. F 

Goss, George C 

Ooss, W. K 

Gould, Lewis A 

Gould, M *.... 

Graham, J 

Graham, Paul 

Grant, Benjamin 

Grant, Charles 



State. 



Florida. 

South Carolina. 

New York. 

Ohio. 

Texas. 

Maine. 

Wisconsin. 

Ohio. 

Texas. 

Texas. 

New York. 

Maine. 

Maine. 

Maine 

Bahamas. 

Minnesota. 

Florida. 

New Jersey. 

Wisconsin. 

Illinois. 

South Carolina. 

Florida. 

Caiifomia. 

New York. 

Texas. 

Nebraska. 

Georgia. 

Illinois. 

Iowa. 

Louisiana. 

Massachusetts. 

Kansas. 

Illinois. 

Maryland. 

Massachusetts. 

Maine. 

Kansas. 

New Ycrk. 

Ohio. 

Canada. 

Texas. 

Texas. 

South Carolina. 

Georgia. 

Michigan. 

Connecticut. 

Tennessee. 

Maryland: 

Kansas. 

California. 

Wisconsin. 

New York. 

Kansas. 

Iowa. 

Iowa. 

California. 

Maine. 

New York. 

Arkansas. 

Peunsylvania. 

Georgia. 



Nama 



Grant, C. W 

Grant, Miss Ellen 

Grant, J 

Grant, Dr. W. T 

Grape, George S 

Grathwt>hl,' J 

Grave, Mary A 

Green, A. R 

Greene, Prof. Dascom 

Greg<»ry, S. O- 

Griuley, Rev. J 

Griest, John 

Griest, MissM 

Griffing, Henry 

Griffith. R.H 

Grinnell, J 

Griswold, L 

Griswold, T. L 

Groesbeck, Mrs. £. W. .. 

Groflf; T.Louis 

Groneweg, L 

Guest, W. E 

Gunn, Donald 

Guptill. G. W 

Haas, Henry 

Habersham, S E 

Hachez, Ferd 

Hagan, W. E 

Hagensiok, J. M 

Uaffue, Captain 

Hahn, Charles 

Haines, John 

Haines, William 

Hall, Dr. A 

Hall, Joel 

Hall, Joseph H 

Hall, S. W 

Hallowell, Benjamin 

Hamaker, Manon F 

Hamilton, Prof. J 

Hamilton, Captain W 

Hamilton, Rev. W 

Hamilton, W. H 

Hammitt, J. W 

Hampton. W. C 

Hanan, B. P 

Hance, Ebenezer 

Hanna, G. B 

Hannaford, E 

Hanscom, R. F 

Haoshew, Henry E 

Harding, Colonel Horace. 

Hardy. H. F 

Hardy, Dr. J. F. E 

Harkness, W 

Harper, 0. W 

Harper, Prof. L 

Harper, Prof. L ....--.. . 

Harris, A. J ..'.... 

Harris, Dr. J. (). ........ 

Harris, R 



State. 



Illinois. 

Illinois. 

Illinois. 

Georgia. . • 

Maryland. 

Pennsylvania. 

Minnesota. 

New YoiL* 

New York. 

Wisconsin. 

Indiana. 

Indiana. 

Illinois. 

Michigan. 

Kentucky. 

Tennessee. 

Tennessee. 

Kansas. 

Illinois. 

Ohio. 

New York. 

Hud. Bay Ter. 

Maine. 

New York. 

Georgia. 

Wisconsin* 

Virginia. 

Iowa. 

Washington Ter. 

Pennsylvania. 

Indiana. 

Georgia. 

Cani^a. 

Illinois. 

New Hampshire 

Maine. 

Virginia. 

Missouri. ^ 

Tennessee. 

Bahamas. 

Nebraska. 

North Carolina. 

Ohio. 

Ohio. 

Missouri. 

Pennsylvania. 

Massachusetts. 

Ohio. 

New Hampshixe. 

Maryland. 

Alabama. 

Arkansas. 

North Carolina. 

New York. 

Ohio. 

New Jersey. 

Mississippi. 

Alabama. 

Illinois. 

Tennessee. 
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State. 



HarrisoD, B. F 

Hait, J. H 

Haitt, C. F 

Han^ey, J. C -- 

Httskin.W L 

Hasting^, J 

Haswell, Hev. J. R.... 

Hatch, A. L 

Hatch, Dr. F.W 

Hatch, H 

Hatch, J 

Hatfield, dfm C 

Hauser, Eniil 

Haven, S. F 

Hawks, Dr. J. M 

Hayes, Dr. W. W 

Hayne, J. B 

Haywood, Prof. J 

HeaHtou, D.J 

Heckeiman, Rev. H 

•HedjreN, Urban D 

Heger, Dr. A 

Heimstreet, J. W 

Heisely, Dr. J 

Helm, Tho8. B , 

HeDdersoD, W 

Herrick, F. C 

Herrick J. D 

Hester, Lieut. J. W.... 

Heubuer, O. T 

Heyser, W., jr 

Hibbard, A. A 

Hickok, W. O 

Hicks, John 

Hicks, J. C 

Hicks, Dr. W. R 

Hieto, J. A 

HiggiDS, Prof. D. P 

Higgias, James 

♦Hiidreih S. P 

Hill, F.G 

HilUG. D 

Hill, L.J 

HiUier, Rov. Spencer L . 

Himoe, John E 

Himoe, Dr. S. O 

Hindman, S. M. N 

Hiscox, G D 

Hoadley, C H 

Hobart, Ed. F 

Hobbs, Chas. M 

Hobbs, Miss M. A 

Hobbs, O riiiT 

Hobbs, William H 

Hoff, Dr. Alex. H 

Hoff, J. W. ....... ..... 

Hoffer, Dr.J. R 

Hoffer, MaryE 

Holcomb, A 

Holienbeck, D. K 



Connectioat 

New York. 

Nova Scotia. 

Penusylyania. 

New York. 

Pennsylrania. 

New York. 

MissiB^ippi. 

California. 

Mississippi. 

New Hampshire. 

Ohio. 

Illinois & Wis. 

Massachnsetts. 

Florida. 

Caiitomia. 

Bahamas. 

Ohio. 

Missouri. 

Pennsylvania. 

Delaware. 

Pennsylvania. 

N. Y. and Minn. 

Pennsylvania. 

Indiana. 

Alttbama. 

Kentucky. 

Ohio. 

Florida. 

Pennsylvania. 

Pennsylvania. 

N.Y. and Minn. 

Pennsylvania. 

Wisconsin. 

Wisconsin. 

North Carolina. 

Mexico. 

Nova Scotia. 

Tenneesee. 

Ohio. 

Ohio. 

Dakota. 

Nebraska. 

N.Y.,Ohio.Wi«., 

and Minn. 
Wisconsin. 
Kansas. 
Oregon. 
Illinois. 
Connectidit. 
Iowa. 
Indiana. 
Indiana. 
Pennsylvania. 
Indiana. 
Alaska T«r. 
Virginia. 
Pennsylvania. 
Pennsylvania. 
Massachusetts. 
Ohio. 



Holienbeck, F 

Bolley, Bern. P 

Hollingworth, G. W 

Hollister, Dr. J 

Holmes, D. J 

Holmes, E. S 

Holmes, Dr. E. S 

Holmes, J. C 

Holmes, Thomas 

Holston,Dr. J. G. P 

Holt, .Rev. Jos. W 

Holt, William 

Hoover, W 

Hopkins, Prof. A 

Hopkins, Rev. Robert . . 

Hopkins, Prof. W. F.... 

Hom, MissClotilde 

Horn, Dr. H. B 

Homer, W H 

Horr, Dr. Asa 

Horr, Ed W 

Horsford, William P 

Hosmer, A 

Hotchkiss, Jed 

Hough, Dr. P. B 

Houghton, G 8 

Houghton, S. W 

House, J. C 

House, J. Caroll 

Howard, J. S 

Howe, Edwin 

Howell, R 

Hoyt, Peter L 

Hudson, Dr. A. T 

Hnebener, L. R 

H uestis. Prof. A. C 

Huffaker, a 8 

Hughes, Jno 

Hull, A. B 

Hunt, Ashley D 

Hunt, Rev. D 

Hunt, George M 

Hant, Dr. S. B 

Huntingdon, George C... 
Hurlburt, Dr M. J. E... 

Hurlm, Rev. W 

Hurtt, P. W 

Huse, Frederick J ...... . 

Huston, T. A 

Hyde, G. A 

Hyde, Mrs. G. A 

Hyde* Stephen 

Hyde, Rev. T.C P 

Imboden, J. B 

Ingalls, S. Marshall 

Ingalsbee, GienviUe M. .. 

Ingersoll, J. D ^.. 

Ingraham & Hyland .... 

Ingram, Dr.J 

Ironside, R B 

Irvine, Professor S. G ... 



Ohio. 

Alabama. 

Kansas. 

Michigan. 

Massachus etts . 

New York. 

Michigan. 

Michigan. 

Indiana. 

Ohio. 

Minnesota. 

Illinois. 

Ohk). 

Massachosetts. 

Minnesota. 

Maryland. 

Kansas. 



MissooiL 

Iowa. 

Iowa. 

Wisconsin. 

New York. 

Virginia. 

New Yoik. 

Pennsylvania. 

Tennessee. 

New York. 

New York. 

Arkansas. 

California. 

New York. 

New Hampshire. 

Iowa. 

Pennsylvania. 

Indiana. 

Missouri. 

Pennsylvania. 

Connecticut 

Alabama. 

Connecticok. 

New Yoik. 

New York. 

Ohio. 

WisconsfaiL 

New Hampshiia. 

Ohio. 

Illinois. 

Alabama. 

Mass. and Ohio. 

Ohio. 

New York. 

New York. 

Virginia . 

New Yort 

New York. 

New York. 

Kansas. 

Ohio and N. J. 

Oiegon. 

Ohio. 



*I>6eeaBed. 



Digitized by VjOOQIC 



LIST OP METEOROLOGICAL OBSERVERS. ,93 

List of meteorological observers j <£c — Continued. 



Name* 


% ' State. 


Name. 


State. 


Ives. Edwavd R... 


Florida. 

New York. 

Vermont. 

Louisiana. 

Pennsylvania. 

Virginia. 

Pennsylvania. 

Pennsylvania. 

Ohio. 

Illinois. 

Pennsylvania. 

Illinois. 

Ohio. 

Ohio. 

New York. 

Illinois. 

Wisconsin. 

Ala., Texas, and 

T«^nn. 
Tennessee* 
Maryland. 
Wisconsin. 
Virginia & Ohio. 
New York. 
South Carolina. 
Illinois. 
Nevada. 
New York. 
Ohio. 
Maine. 

North Carolina. 
Montana. 
Connecticut. 
Mississippi. 
Virginia. 
Pennsylvania. 
Indiana. 
Maryland. 
Virginia. 
Canada. 
Iowa. 
Maryland. 
New York. 
An'ilies. 
Texas. 
Texas. 
Missouri. 
Michigan. 
MissiKsippi. 
Florida. 
Minnesota. 
Minnesota. 
Tex4«. 
Wisconsin. 
Wisconsin. 
Minnesota. 
Wisconsin. 
New Yoik. 
Indiana. 
Virginia. 
New York. 


*Kennicott, R 


Alaska &, Hud. 


IveH. William 


Kent. Benjamin ......... 


Bay Terriu.ry, 
M assac h ii setts. 


■iBckman. A .^.r........^^ 


Jaikson, Dr. A. W 

Jai*k8on, John.... 


Kerlin, Dr. L N 

Kerr. Prof. W. C 

Kersey, Dr. V 


Pennsylvania. 
Nor:h Carolina* 


Ja<-kson, SHmnel X ...... 


Indiana. 


Jacobs. H. E 


Kibbe, T. R 


California. 


Jacobs. Prof. M 


Kilgore, W 


Minne- ota. 


Jaeger, H. W 


Kilpatrick, Dr. A. R 

King, Mrs. Adelia C 

-King's College 


Louisiana. 


JameH, Miss Anna 

James. Prof. C S 


Ohio. 
Nova Scotia. 


"James, Dr. John 

Janes, C. C 


Kiugsbury, J. H 

Kirby, D. J 

Kirkpatrick, Prof. J. A.. . 

Kirtlan.1, Dr. J. P 

Kizer, W. B 


Pennsylvauia. 
Massachusetts. 


Ja<|ue, A. 


Pennsylvania. 
Ohio. 


Jenkins. John P ......... 


Jenkins, J. L.. .......... 


Missouri. 


Jennings, J 

Jennings, Dr. Samuel K .. 


Kiuge, E. T 


Pi^nnsylvania. 
New Gianada. 
Indiana. 


•Kluge, Dr. J. P 

Knauer, J 


Jilson, B. C 


Knox, James C 


New Hampshire. 

Missouri. 

Pennsylvania. 

Montana. 

Missouri. 


Johns, Dr. Montgomery... 
tTohnflon. A. K .**.... 


Knoud, Rev. James 

Kohler, Edward 

Kohleski, Theo 

Koniiig, Rev. P. W 

Kownslar, Miss E 

Kownslar, Dr. R 

Kridelbaugb, S. H 

Kron, F.J 

Kummer, E. ............ 


Johnson, Enoch D 

Johnson, E. W 


Johnson, Joseph ......... 


Virginia. 
Virginia. 
Iowa. 


Johnson, Norton 

Johnson, Ii. C. ...... .... 


Johnson, Rev. Samuel 

Johnson, Thomas H 


North Carolina* 
Pennsylvania. 

Illinois. 


Johnson, WaiXf n 


Konster, H 


Johnson, Dr. W. M 

Johnson, W. W 


Laighton, Thomas B 

Landon. Am a S. .. 


New Hampshire. 
New York. 


Johnston, Prof. John 

Johnston, William M 

Jones, Benjamin W 

Jones, C. P 


Landoo, Stephen , 

Lane, Prof. C. W 

Lane, John ............. 


New York. 
Georgia. 
Michigan. 
New York. 


Lane, Moses 


Jones, Prof. Gardner 


Langdou, Laurens A 

Laugee, Ur. Ignatius 

XAngguth, J. G., jr 

I.Angworthy, A. Darwin. . 

Lapham, Darius 

Lapham, I. A 

Lai kin. Prof. E. P 

Larrabee, W. H 


New Yoik. 
jowa. 


Jonos, Silas B 


Illinois. 


Jones, W. Martin 


Illinois. 


Jortreuson. C.N 


Ohio, 


Jourdan, Prof. C. H 

Joy, Prof. Charles A 

Julien, Alexis A 


Wisconsin. 
WiKConsin. 
Indiana. 


Kaler, Frederick 


Larsh, T. J 

La^elle, C B 


Ohio. 


Kapp, Erni^st 

Kaucher, William 


Indiana. 


Lasslo, Charles 


Mexico. 


Kedzie. l»rof. R. C 

Keenan, T. J R 


Lathrop, Prof. S. P 

Lai imer, Gkmrge ...... 


Wisconsin. 
Porto Rico. 


Keep, Rev. W. W 

Kelieit. Thomas A 


Latiimore, Pr..f. S. A.... 
LawKon, G. W..... 


Nt*w York. 
Dakota. 


Kelley, O. H 


Lea, John 


Ohio. 


Kellogg, F 

Kellogff, G. J .... 


Lear, O.H. P 

Learned, D wight W 

Leavenworth, D. C 

Lee. Charles A 


Missouri. 
Cunnectiiiiit. 


Kelluni, A. 


Connecticut. 


KeJiy. Charles W 


New York. 


Kelsey, Pruf. H. S 


•Leflferts. John 


•New York. 


Kelsey, Kathab 


Leffman, L 


New Y«»rk. 


Kemper. G. W. H 

Kendall. James 


Letroy, Capt. J. H 

•Lehman, Dr. H. M 

Leonard, Rev. L.W.... 


Canada. 
Montana. 


Kendall, John F 


New Hampshire. 
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State. 


Name. 


State. 


liMmard. W. P 


Iowa. 

Illinois. 

Tennessee. 

Utah. 

New York. 

Missouri. 

New York. 

New Jersey. 

New Jersey. 

Michigan. 

IlUnois. 

Ohio. 

Minnesota. 

Wisconsin. 

Illinois. 

New York. 

Minnesota. 

Hud. Bay Ter. 

Virginia. 

California. 

New York. 

Maine. 

Wisconsin. 

Indiana. 

Iowa. 

Iowa. 

Maryland. 

Pennsylvania. 

Wisconsin. 

Ohio. 

Mississippi 

Missoun. 

Ohio. 

Missouri <& Ky. 

Alabama. 

Ohio. 

Colorado. 

Wisconsin. 

Massachusetts. • 

Georgia. 

Arkansas. 

Kansas & Ohio. 

Mississippi. 

Mississippi. 

Ohio. 

Texas. 

Pennsylvania, 

Iowa. 

Maryland. 

Kansas. 

Penntiylvania. 

Iowa dc. Indiana. 

Iowa. 
Virginia. 
North Carolina. 
West Virginia. 
North Carolina. 
Arkansas. 
Pennsylvania. 
Massachusetts. 


McKee, Rev. C. B 

McKenzie, J. M 


Diet Col. &,Va. 


Levincv. Chas ....•• ..... 


Iowa & Neb. 


LewiH Charles H 


McLain, W. D 


Colorado. 


LiAwis. James ....... ..... 


McMasters,Profes8oraY. 

McMillan, 8. B 

McMullen, J. P 


lira and Ken. 


Lewis. James ...... ...... 


Ohio. 


Linipow. B. G 


Minnesota. 


Linus, M. ...... ......... 


McMore,P. A 

McNelty, Dr. W. W 

McNett, E. L 


New York. 


Lippincott, James 8 

Lippincott, Joseph W 

Little Frank 


Penns> Ivania. 


McW ilHams,' Dr. Alexl .' ". 
Maciarlane. R 


Wisconsin. 


Little, J. Thomas 

Livezav. G. W 


Maiylaud 
Hud. Bay Ter. 
(Canada. 
Massachusetts. 
New Jersey. 
New York. 
New Hampshim 
Hud. Bay Ter. 
New York. 


Livings, B. C 

Livingston, G. F 

Livingston, Prof. Wm 

Lobdell, Mrs. M. J 

Locke. Samuel........... 


Mae^regor. C. J 

Mack, A. W 

Mack, E.T 


Mack, Rev. E.T 

Mack, Robert C 


Lockhart. James ......... 


Mackenzie, J....... .... 


•Lockwood, G. P 


Mackie, M 


Logan, Dr. T. M 


Magee, I 


New York. 


Louies. Dr. J. P 


Magnetic Observatory .. . 
Magoire, Professor J. F. . 

Malcolm* W. 8 

Maiden, J.J 


Canada. 


Lord. W. G...... ........ 


Maryland. 
New York. 


Loring, C 


Loughridge, Dr. J. H 

Love, Mrs. James 

Love. Louina P.. ...••••.. 


Michigan. 
Missouri. 


Maliinckrodt, C 


Manchester, Geo 

Mankard, Mrs. M. J 

Manley, R. M 

Mann, Wm.... 


Rhode Island. 


Lowndes. B. O 


L«iuisiana. 


Lowrie, J. R 


Vermont. 


Liios. Jacob ...... ...... . 


Wisconsin. 


Lukins. Juhn F. ......... 


Mapes, H. H 


Michigan. 
Illinois. 


Lull, James S ........... 


Mar.y, Professor 

Marks. Corvdon 


Lumpkin, W. M ......... 


Pennsylvania. 

Jamaica. 

Vermont. 


Lumsden, Rev. William.. . 
*Lunemann, John H.... .. 


Marlow, Colonel W. B... 
Marph, Chas 


Luptou, N. T 

Luther, 8. M 


Marsh, C. A.J 

Marsh. M.M 


Vermont. 
VAmonL 


Lnttrel!. James 


Marsh, Mrs. M. M 

Marsh, O.J 

Marsh. Roswell 


Ohio. 


Lynde, C. J 

Lvous. Curtis J.......... 


Illinois. 
Ohio. 


McAfee. J. R 


Marshall, Gregory 

Martin, Dr. Aiex 

Martin. Dr. Geo 


Iowa. 


McBtth, Miss Sue 

McCarty. H. D 


Indiana. 

Pennsylvania. 

Arkansas. 


•McCarv . Robert 


Martin, Dr. G. Alex 

Martin, K. A 

Martin. R. A .• 


McCarv. WUliam 


Pennsylvania. 
Delaware. 


McClunff. C. L 


McCumiy, Dr. H. A 

McConuell, E. M 


Martin, Dr. Samuel D... 
Martin, W 


Kentucky. 

Pennsylvania. 

Pennsylvania. 

Pennsylvania. 

Virginia. 

Nebratika. 


McConuell, Townsend 

McCormick, J. 0........ 


Martindale, Dr. Jos. C... 

Martindale, Isaac C 

Marvin, J. W 


McCormick, William A . - . 


McCoy, A. R 


Mason, Edgar E 

Mason, Professor R. Z... 
Mather, Professor W. W.. 

Mathews, D 

Mathews, Geo 

•MaUhews, Dr. J 

Mathews, Jos. McD 

Mathis, H.C 


McCoy, Dr. F 


Wi<>consin. 


McCoy, Miss Lizzie 

McCready, Daniel 

McDonald, M 


Ohio. 

Wisconsin. 

Wisconsin. 


McDowell, Rev. A. 

McDowell, W.H 


Wisconsin. 
Ky.andOhto. 
Kentucky. 
New Yor L 


McDowell, W. W 


McElraih, J. J 


Matthews, H. W 

•Matthews, Prof. M.M.. 
Mattison, Andrew 


McElroy, Barnet 


New York. 


McGee, J 


Kentucky. 
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Name. 


State. 


Name. 


State. 


Mauld Dr. D. W 


Delaware. 

Minnesota. 

Florida. 

New York. 

Missouri 

Md. <& Pa. 

Indiana. 

Illinois. 

Illinois. 

Iowa. 

Iowa. 

Wisconsin. 

Illinois. 

Vt. andN.H. 

Illinois. 

Pennsylvania. 

Pennsylyania. 

Illinois. 

Indiana. 

Virginia. 

Virginia. 

Alabama. 

Massachusetts. 

Colorado. 

New York. 

Kansas. 

Massachusetts. 

New Jersey. 

Maine. 

New York. 

Illinois. 

Iowa. 

New York. 

Massachusetts. 

Pennsylvania. 

Kentucky. 

Newfoundknd. 

Iowa. 

Michigan. 

Nebraska. 

Kentucky. 

Kansas. 

Vermont. 

Pennsylvania. 

Wisconsin. 

North Carolina. 

Michigan. 

Tennessee. 

Michigan. 

Massachusetts. 

Wisconsin. 

Indian Territory. 

Texas. 

MiHsissippi. 

Arkansas. 

Maine. 

Missouri. 

Virginia. 

Mississippi. 

North Carolina. 

North Carolina. 


Moore, Jos ............. 


Indiana. 


Mauncey. Rev 8. W 

Mauran, Dr. P. B 


Moore, Mahlon .......... 


Pennsylvania. 
Louisiana. 


Moore, Dr. S. P 


Maurice, C. F 

Maxey, W F 

Mayer, Professor Alfred M. 
•Maybew, Royal 


Moore, Dr. W 

Morehouse, A. W 

Morelle, Professor D 

Morris, Miss E 


Missouri. 
New York. 
North Carolina. 
New York. 


•Mea<ham H. G 


Morris, Professor 0. W.. 
Morris, 0. W 


New York. 


Meacham, S...... ....... 


Tennessee. 


•Mead. Allen 


•Morrison. W.H 

Morse, Geo. M.......... 


Illinois. 


Mead, Chauncey 


Massachusetts. 


Mead, H. C 


Morse, J. P 


New York. 


Mead, Dr. 8. B 


Moses. J 


Nicaragua. 

Illinois. 

Maine. 


•Mead, Stephen 

•Mead. Dr. Thompson 

Meehau. J 


Moss, G. B 

Moulton, J. P 


Moulton, M. M 


Iowa. 


Meehan, Thos.. 


Moultrie, J. L 


Alabama. 


Meeker, Ralph E 


Mowry, Geo .... 


Pennsylvania. 
Pennsylvania. 
Pennsylvania. 
Minsonri. 


Memfield, Geo. C 


Mover, H C 


Meriwether, C 


Muhlenberg, F. A., jr 

Muir, Wm 


Meriwether, C. J 


Meriwether, R. T 


Muller, Professor R 

Mulligan. A 

Mulvev. Oliver .-... 


Pennsylvania. 
New Yoik. 


Merriam, A. M..... 


Merriam, A. M 


Indiana. 


Merriam, C. C 


Munfield, Geo. C 

Munger, L. F........... 


fndiana. 


Merriam, G. F 


New York. 


Merriam, Sidney A 

Merrick, Thos. B 


Murch, E M 


Kentucky. 

Naw RrnnmHck. 


Murdoch. G 

Mussey, R. D 


Merrill, Dr. E 


Massachusetts. 


Merrill, Rev. S. H 


Mvers. J. H 


Missouri. 


Men itt. John C 


Nash, Rev. J. A 

Nason, Rev. Ellas 

Naturaliste Canadien .... 
Naval Hospital 


Iowa. 


Merwin, Mrs. E. H 

Messman, Dr. J 


N.H. and Mass. 
Canada. 


Metcalf. H 


Califomia. 


Metcalf, Dr. John G 


Naval Hospital 


New York. 


Meybert, Dr. A. P 

Miles, Thos. H 


Naval Hospital 


Massachusetts. 


Naval Hosoitai. 


Pennsylvania. 
New York. 


Military Post 


Naval Station ...... ..... 


Millard, A. J 


Navy Yard 


Florida. 


Millard, Joseph D 

Miller, C. H 


Navy Yard 


Pennsylvania. 

Virginia. 

Tennessee. 


Navy Yard 


Miller, Rev. J 


Navy Yard 


Miller, John H 


Neoly, E. B 


Missouri. 


Miller. L. A 


Nel8on.H M 


Massach nsettii 


Millikeu. John T 


Nelson, Professor J. P . . . . 
Nelson. R. J 


Maryland. 
Nova. Scoda. 


Mills. Dr. B. F 


Mills JohnH 


Nelson, 8. A 


Massachusetts. 


Minick, J. B 


Nettleton, A 


Virginia. 

Massachusetts. 

Illinois. 


Mitchell. Dr. R. W 

Mitchell, Dr. 8. F 


Newcomb, Guilford 8.-.. 
Newcomb, J. B ......... 


Mitchell, Hon. W 

Moelier, G 


Newkirk, R. M 

Newton, Rev. Alfred 

Newton. John. .--... 


Indiana. 
Ohio. 


Moffait. Professor A. G .. . 


Florida. 


Moke, Dr. Jas. E 


Newton, W. H 


Wisconsin. 


Moote, Professor A 


Nichols, C. L 


Maine. 


Moore, Dr. Alex. P 

Moore, Asa P i 


Nicholson, Rev. J. J 

Niell, Thos 


Ohio. 


Moore, Mrs. Belle 


Noll, Arthur B 


New Jersey. 
Massachusetts. 


M^KMe, C R m . ^ 


Normal School ..-.- 


Moorf^, David a 


North, Dr.S.B 

Norton, J. H..... 


Alabama. 


Moore, Dr. G. F 


New York. 


Moore, J. A 


Norton, Prof. W. A 


Delaware. 
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Name. 


State. 


Name. 


Btate. 


Norvell, P 


Dakota Terrify. 

Wisconsin. 

Virginia. 

Kansas. 

Mississippi. 

Massachusetts. 

Illiuois. 

Minn, and Iowa. 

New Hampshire. 

Virginia. 

Costa Rica. 

Illinois. 

Mi higan. 

Ohio. 

Mass. 

Alabama. 

Maine. * 

Wext Viiginia. 

IndiHua. 

< 'hio. 

New York. 

Vermont. 

Vermont. 

Vermont. 

New fork. 

Texas. 

New Jersey. 

Ohio. 

Nebraska. 

Virginia. 

Wisconsin. 

Michigan. 

Maine. 

Illinois. 

Vermont. 

TenncHsee. 

Wisconsin. 

Iowa. 

Vermont. 

California. 

New York. 

New Jersey. 

Massachusetts. 

New Jersey. 

New York. 

Iowa. 

Iowa. 

Wisconsin. 

Minnesota. 

Illinois. 

Michigan. 

Virgiiiia. 

Virginia. 

Michigan. 

Alabama. 

Vermont. 

Pennsylvania, 

Urab. 

Maryland. 




Florida, 


Nourse^H. J 

Null ttiiev. Prof. Frs. J 

Oakfield C.P 


Peck, Dr. John E 

Peck. Dr. W. R 

Peelor, David 


Florida. 
Ohio. 

Pennsylvania. 
Massachnaetta. 


Oaklev Thomas 


Poet, Abraham S 

Pelzee. GeorcreS 


Ob«» rvau»ry Harvard Col- 
lege 


Aiinth PjirnliiiA. 


Pendleton, l)r.E.M 

Pendleton, P. C 


Georgia. 
Georgia. 
Alabama. 
Michigan. 
Ma8^(achu8ett8• 
New York. 
Michigan. 
Mass. and Vt. 


0*D.'iJopho«, John 

Od^'ll, Dr.B.F 

Odell. Kletrher 


Percival, Dr. Charles P.. . 

Perkins, Capr. A. D 

Perkins, Dr. H.C 

Pemot, Claudms 

Perrault, Ed 


Offutt, Dr. J. J 

Oficiana Ceniral de Esta- 
distica 


Olds. Wnrren 


^•erry. Rev. J.B 

Perry, W 


Oliver. John... -.. 


New Jersey. 
Ohio. 


Ormsby, G. M 

Orton. James ....- 


Peters, Adam 


Peters, H 


Indiana. 


Osborne, Di. T. C 


Peters, Thos. M 


Alabama. 


Osgood. H.H 

Owen, Bt^njamin 


Pettingill, Waldo 

Pettingill, W 


Maine. 
Ohio. 


Owen, Dr. D. D 


Petty, Chas 


f^nnth Can>lina» 


Owslev. J. B : 


Petty. McK ". 


Vermont. 


Packard, Levi S 


Phelps, H. E 

Phelps, Highland W 

Phelps, Rev. Joshua 

Phelps, K.H 


Utah. 


♦Paddock. James A 

Paine, Charles L 


Wisconsin. 
Iowa. 


Paine. Charles S ......... 


Con necticut. 


Paine, Dr.H.M 

Palm. SwaiiCe ..... .... .. 


Phebs. W. W 


Utah. 


Phillips,H 


Canada. 


Palmer, Miss Jemsha R. .. 
Pardee, Euereue 


Phillips, Prof. Jas.,D. D. 

Phillips, J.H 

Phillips, R.C 

Pickard, Dr.J.L 

Pickett, John 


North Carolina. 
Ohio. 


Pardee, H.C 

Park. William K 


Ohio. 
W^iHConsin. 


Park, R» v. Roswell 


Virginia. 
Ohio. 


Parker, J.B 




Parker, J. D 


Pillsbury, M.A 


Ohio. 


Pa»k»*r, John D 


Pillsbury, Mre.M.A 

Pitcher, Dr. Zeno 

Pitman, Charles H 

Pitman, E 


Ohio. 


Parker, Jobcph 

Parker. Dr. Joseph M 

Parker. Metzar 


Michigan. 
New Hampshire 
Maine. 


Parker, Nathan H 


Pitman, M 


Maine. 


Parker. Prof. W.H 

Parkinson, D. F 


Pluuib, Dr. Ovid 

Plammer, Dr. John T 

P«»e, James H 


Connecticut. 
Indiana. 


Parmelee, Ezra ...... .... 


Ohio. 


Parry, VVilham 


*PoIlard, T. F 


Vermont. 


Parsons, B. W 

Parsoni. L. H 

Partnck, J. M 


Pollock, Rov.J.E 

Pomeroy, F. C 

Pool, I^aac A 


Missouri. 

Wisconsin. 

Illinois. 


Parviu, P. G 


Poole, H 


Nova Scotia. 


Parviu, Prof. Theo. 8 


Porter, E.D 


Delaware. 


Pashlev, J. 8 


Porter, Mrs. E.D 

Porter, Henry D 


Delaware. 


Paterson. Rev. Dr. A. B. ., 


Wisconsin. 


Patrick. Dr. John J 


Porter, Prof. W 


Wisconsin. 


Pattipon. ii. A 


•Posey, Dr. John P 

PdSt Sursreou ..... 


Georgia. 
RanNAA and CaL 


Pattou. Thomas 


Paiton, Dr. Wm.N 

Paxton, J.W 

Payne. Dr. J. W 

Peabody, Prof.S.H 

Peaie, Dr. J. B 


Potter, Dr.A.M 

•Potter, CD 

Potter, G. W 


Texas. 

New York. 
New York. 


i Potts. Jean G 


Virginia. 
Rhode Island. 


Powel. Samuel ...... ... 


Pearce. HarriKon ......... 


Pratt, Prof. D.J 

Pratt, George B 


New York. 


Pearce, James A., jr 


Iowa. 
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Name. 


State. 1 


Name. 


State. 


Pratt, Dr. J. F 

Prentiss, Dr.H.C 

Prescott, Dr. \V 


Maine. 

Massachusetts. 
Now Hampshire. 
Kansas. 
Maine. 
Maine. 
Virginia. 
Honduras. 
New Hampshire. 
Virginia. 
Missouri. 
Ohio. 
Nebraska. 
Pennsylvania. 
Indiana. 
California. 
H.B.T.& Can- 
ada. 
Ohio. 

Connecticut, 
Louisiana. 
Pennsylvania. 
South Carolina. 
South Carolina. 
Kentucky. 
Kentucky. 
Texas. 

Massachusetts. 
Michigan. 
Neb. and Iowa. 
Tex.4feN.Mex. 
Michigan. 
Indiana. 
New York. 
Iowa. 
Pennsylvania. 

Cau'^rnia. 

New York. 

Maine. 

Arkansas. 

Maine. 

Massachusetts. 

Alabama. 

Iowa. 

Virginia. 

New Jersey. 

Ohio. 

Texas. 

Illinois. . 

Massachusetts. 

Massachusetts. 

H.B.Ter'y. 

Louisiana. 

Minnesota. 

Minnesota. 

New York. 

Costa Rica. 

Massachusetts. 

Dakota. 

Massachusetts. 

Indiana. 

Maine. 


Robinson, Rev. B. S 

Robv, Charles H 

Rockwell, Miss Charlotte. 

Rockwell, John A 

I^man, Samuel 

Roe, J.H 


MississipiM. 

Virginia. 
Conxneetieok. 


Preston, Rev. N. 

Prince. Charles --... 


Georgia. 
Massachusetts. 


Prince G 


Illinois. 


Pnrdie John R .......... 


Roe, Rev. Sanford W 

Roedel, W. D 


Con. and N. Y. 


Pnrdot E .- . 


Viricinia. 
West Virginia. 
Ohio. 


PurmorL N...... ...... -i 


Roffe, C. L 


Onincv. W. C 


Rogers, A. P 

Rogers, Francis M 

Rogers, J. 8 


Race. James A.... ....... 


New York. 


Raflfensperger, E. B 

TtHin .John G . . 


Illinois. 


Roffora. O.P-...- 


Illinois. 


Riilflton Rev J G .. .. 


Roos. Charles ...... ..... 


Minnesota. 


Rambo, E. B 


Root, Dr. Martin N 

Root, Professor 

Rt)8S, B. R 


Mass. and N.H. 


Randall, R. B 


New York. 


Rankin, Colin 


H. B. Territory. 
Idaho. 


Ros8eau,.M. C 


Rankin, D.M 


Rossiter, Professor G. R . - 

Rotiirock, William 

Eay, G. P 


Virginia. 
TeniMflse^w 


Rankin James ........... 


Ranlett E. L 


Missouri. 


Raser, John Heyl 

Ravenel, H.W 

Ravenel, Thomas P 

'Pa V Dr .John D . - . 


Royal Engineers 

Royal Engineers 

Royal Gaasette 

Rucker, B. H 


Bermudas. 
Nova Scotia. 
Bermudas. 
Texas 


Ray L G 


Ruffin. David L 


Virginia. 
Virginia. 
Missouri. 


Raval. James T 


Ruffin. Julian C. 


Raymond, George 

Ravmond ^W. A.......... 


Rusrcrles. Homer ...... 


Russell, Cyrus H 

Russell. O. F 

Rutherford, M 


New York. 


Read, D.E 


Arkansas. 


Reade,J M..^ 


Texas. 


Reasure, Dr. F. M 

Redding. Thomas B 

Seed. £dwin C 


Ryerson, Dr. Thomas 

Salisbury, Elias 

Samms, Dr. C. C 

Sampson, Alexander 

Sanders, B. 

Sanford, 8 


New Jersey. 
New York. 
Ohio. 


Reed. Isaiah 


W. Territory. 

Virginia. 

Ohio. 


Reed. Lt. Jos 


Reid. Jas M 


Reid, Dr. Robert K 

Reid, Peter 


Sanford, Dr. 8. N 

Sanger, Dr. W.W 

Sargent, John 8^-,^- ,.-.-- 


Ohio. 
New York. 


IZAinnnlrlfl. TTAnrv 


MannachiiMittSt 


Revnolds J. ............ 


Sartorius, Dr. Charles . . . 
Sartwell, Dr. H. P 

Savage, Dr. G. S 

Savery, Thomas H 

Saville, J. J 


Mexico. 


Reynolds, Lanriston 

Reynolds, Orrin A 

Revnolds. R. M 


New York. 

Pennsylvania. 

Kentucky. 

Pennsylvania. 

Iowa. 


Revnolds. W 


Revnolds. W. C 


Rhees, Dr. Morgan J 

Rhoades, Dr. John 

Rhodes W FT T 


Sawkins. James G 

Sawyer, George B 

Saw ver. H. E 


Jamaica. 
N. Hampshire. 
N. Hampshire. 
Tennessee. 


Riblet, J.H 


Sawyer, Thomas L 

Scandlin, Rev. Wm. G. .. 
Scarritt, Rev. N 


Rice, Frank H 


Maflsacfa nset t0. 


Rice, Henry ...... ....... 


Missouri, 


Richards, Thomas 

Ricksecker, L.E 

Ridden. Prof. W.P 

Riggs, A. L 


SchftubenH.A r 


New York. Ohio. 


Soheeper, E. H. A 

Schenck, Dr. W. L 

Schetterly, Dr. H. R 

SchleffeL Albert 


and Illinois. 
Iowa. 
Ohio. 


Riggs, Rev. 8.R 

Riker, Walter H 


Michigan. 
Massachusetts. 


Riotte, Hon. C.N 


Schlev. W 


Georgia. 
New Jersey. 
Connecticut. 


Ritchie, James -. . 


Schmjdt, Dr. E.R 

ScholeOeldN 


Riter, F.G 


Robbins, Dr. James 

Roberts, D. H 


Schriever, Francis 

Schue, Dr. A 


Pennsylvania. 
Wisconsin, _T_ 
Florida, igle 


Robinson. Almon....... . 


Scott, H. B 
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List of meteorological observers^ dtc. — ^Continued. 



Name. 


State. 


Name. 


State. 


S(U)tt James - . 


Kansas. 

Pennsylvania. 

Illinois. 

Pennsylvania. 

Pennsylvania. 

Georgia. 

Wisconsin. 

Michigan. 

Nebraska. 

Ohio. 

New Jersey. 

Wisconsin. 

Kansas. 

Alabama. 

Iowa. 

Kentucky. 

West Virginia. 

Massachusetts. 

Ohio. 

Kansas. 

New York. 

Iowa. 

Iowa. 

Vermont 

Rhode Island. 

Mississippi. 

Illinois. 

New Jersey. 

New Jersey. 

N. C. and Ala. 

New Jersey. 

Illinois. 

Alabama. 

Ohio. 

Wisconsin. 

Kansas. 

Minnesota. 

Illinois. 

Ohio. 

Va. and N. J. 

Texas. 

Texas. 

Tex. and N. Y. 

Utah. 

Missouri. 

New Jersey. 

Georgia. 

Pennsylvania. 

Virginia. 

New York. 

California. 

Virginia. 

Ohio. 

Wisconsin. 

Canada. 

Maine. 

Pennsylvania. 

Minnesota. 

Bahamas. 

Connecticut. 

Iowa. 


Smith, C.B 


Nebraska. 


Scott Samuel ........ 


Smith, Dr. C.C 

Smith, C.E 

Smith, Dr. tJarl H 

Smith, Eli 


Michigan. 
Illinois. 


Soovill. H. W 


Scriba. Victor - 


Ohio. 


Seabrook. Thomas. • ...... 


Maryland. 
Massachusetts. 
New York. 
Massachusetts. 


Seavey, C. C 

Seibert, Samuel R 

Selbv. Henry 


Smith, Dr.E. A 

Smith, E.A.,and daughters 
Smith, E. L 


Seltz, Charles 


Smith, Rev. George N ... 
Smith, Dr. George .... 
Smith, Haden Patrick .... 

Smith, Hamilton, jr 

Smith. Henrv K 


Michigan. 
Illinois. 
New York. 
Indiana. 


Senior class. Mount Au- 
burn Female Institute. .. 
Serireant, John T 


Sevmonr. E...... ...... 


Illinois. 


Seymour, Dr. E. W 

Shackelford, Prof. J 

Shaffer. J. M 


Smith. H- L 


Minnesota. 


Smith, Harmon M ... 

Smith, Howard D 

Smith. Isaac H 


Michigan. 
Main^ 


Shane, J. D 


Illinois. 


Sharp, Dr. W.H 

Khftw. Franrifi 


Smith, Dr. J. Bryant 

Smith, J. C 


North Carolina. 
Ohio. 


Shaw. Jos 


Smith, J. Edwards 

Smith, John M...... .... 


Mississippi. 
Missouri. 


Shaw, M 


Sheerer. H. M 


Smith, J. Metcalf 

Smith, Dr. J. W 


New York. 


Sheldon. Daniel 


New York. 


Sheldon, D. 8 


Smith, Rev. L. M. S 

Smith, M. D 


Michigan. 
California. 


Sheldon. H. A 


Sheldon, H. C 


Smith, Mrs. M. D 

Smith. Dr. N.D 

Smith. Rufus 


California. 


Sheohard. J. A 


Arkansas. 


Shenherd Smilev 


New Hampshire 
Iowa. 


Sheppard, Benjamin 

Sheppard, Clarkson 

Sheppard, Rev. J. A 

Sheppard, Miss R. C 

Sherman, Rev. D. U 

Shields, J. H 


Smith. Svdnev 


Smith, Rev. S. U 

Smith. Rev. W 


Alabama. 

Pennsylvania. 

Ohio. 

Pennsylvania. 

Pennsylvania. 

Massachusetts. 


Smurr, Dr. T.A 

Smyser, Dr. B. R 

Smvser. Dr. H 


Shields. Rev. R 


Snell, Prof. E. S 

Snow, Prof. F. H 

Snydg:. James A 

Sonle. Prof. W 


Shintz, H. J 


Kansas. 


Shoemaker, J. G 

Shortwell. D. F 


Oregon. 
New York. 


Shotwell, Samuel L 

Shreve, Charles R 

Shriver, Howard ......... 


Soule, W. L. G 

Southworth, N. C 

Spaulding, Dr. Abiram. . . 
Spaulding, S. C 


Kansas. 

Michigan. 

Illinois. 


Shuman, Bruno 


Illinois. 


Shumard, G. G 


Spates, Samuel 


Minnesota. 


Sias, Professor Solomon... 
Siber, Andr. L 


Speer, Dr. Alex. M 

Spencer, Miss Anna 

Spencer, Edward E 

Spencer, Rev. D. B 

Soencer. E. S ....... 


Pennsylvania. 

Virginia. 
Minnesota* 


Sibley,P. B 


Simpson, B. F 


Simpson, F.T 


Wisconsin. 


Sisson, Rodman 


Spencer, W. C 


Illinois. 


Skeen. W 


Spera, W. H 


Pennsylvania. 
Ohio. 


Slade, Frederick J 


Soerrv. M.... 


Slaven, J. B 


Spooner, E ............. 


Ohio. 


■Slaven, James 


Spooner, Dr. S.......... 


New York. 


Sloane, Prof.J. R. W. ... 
Slye, L. C 


Spratt, Dr. W. W 

Springer, Rev. Fr 

Squier, H 


Indiana & Ohio 
Arkansas. 


Smallwood, Dr. Charles .. 
Small, F.A 


Michigan. 

Maryland. 

Virginia. 

Georgia. 

Colorado. 


Stagg, T. G 


Smedley, John H 

Smith, A.C 


Stalnaker, J. W 


Stanford, Colonel J. R... 

Stanton, Fred. J 

Stayman, Dr. J......... 


Smith, A. M 


•Smith, ProC A.W 


Kansas. 


Smith, Prof. B.Wa»on... 


Stebbins, George H 


Oregon. 



Google" 
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List of meteorological observers j &c. — Gontinned. 



Name. 


State. 


Name. 


State. 


Stebbins, Richard 

Steed, F 


Iowa. 

Iowa. 

Florida. 

Michigan. 

Maryland. 

Minnesota. 

Missonri. 

Maryland. 

Wisconsin. 

Iowa. 

New Granada. 

Texas. 

Maine. 

New Hampshire. 

Pennsylvania. 

Tennessee. 

Pennsylvania. 

Pennsylvania. 

Tennessee. 

Michigan. 

New Jersey. 

Pennsylvania. 

Michigan. 

Minnesota. 

Kansas. 

Missouri. 

Michigan. 

Michigan. 

Maine. 

Michigan. 

Iowa. 

New York. 

Wisconsin. 

Wisconsin. 

Ohio. 

Nova Scotia. 

West Virpnia. 

Missouri. 

Wisconsin. 

Ohio. 

South Carolina. 

Missouri. 

Maryland. 

Indiana. 

Illinois and Ky. 

New York. 

Washington Ter. 

New York. 

La. and Miss. 

New York. 

Pennsylvania. 

New York. 

Illinois. 

Massachusetts. 

Ohio. 

Wisconsin. 

Tennessee. 

Virginia. 

Pennsylvania. 

New York. 

Iowa, 

Louiskuui. 


Taylor, Dr. M. K 

Taylor, Rev. R. T 

Teele, Rev. A. K 

Tenbrock. J. W 


Michigan. 
Pennsylvania. 
La. and Mass. 


Steele, Hon. Ang 


Steele Georore E 


Indisna. 


Steiner, Dr. Lewis F 

Stephens, Prof. A. M 

St^nhens. J. A 


Terry, Charles C 

Tew. Captain C. C 

Thatcher. A. E 


Massachusetts. 
South Carolina,. 
New York. 


Stephenson, Rev. James . . 
Sterling, J. W 


Thickstnn, T. F 

Thickstun,T. F 

Thomas, Mrs. W.S 

Thompson, A. H 

Thompson, Rev. D 

Thompson, D. P 

Thompson, Rev. E 

Thompson, E. P 

Thompson, George W 

Thompson, H 


Minnesota. 
Pennsylvania. 


Stemijacob T 


Illinois. 


Stembergh, W. H 

Stevens, Hennell 


Illinois. 
Ohio. 


Stevens, Dr. J. L 

Stevens. Linns ....... 


Vermont. 
Ohio. 


Stevens. R. P 


Illinois. 


Stewart, Prof. A. P 

Stewart, F. L 


New Jersey. 


Stewart, Thomas H 

Stewart, W. M 


Thompson, Prof. H. A... 
Thompson, Mrs. PhoBbe.. 

Thompson, R. 

Thompson, Prof. Zadok.. 
Thomson, Prof. S. H.... 
Thornton, Miss E. E .... 

Thornton, Dr. S. C 

Thorp, Henry W 

Tidswell, Miss Mary A .. 
Tingley. Prof. Joseph.... 

Tirrell, Dr. N. Q 

Titcomb, J. S 


Ohio. 
Vermont. 


Stockwell. George A 

Stokes, H. A 


Nebraska. 
Vermont. 


Stokes, William A 

Stone, Isaac ...... ....... 


Indiana. 
New Jersey. 
New Jersey. 
Md. and Penn. 


Stouffer, And 


Stowell, T. B 


Straetmans, H. I 


Missouri. 


Strang, J. J 


Indiana. 


Strong, L. H 


Massachusetts. 


Stricluand. L. 49 


Illinois. 


Strong, Edwin A 


Titus, H. W 


New York. 


Strong, Oscar I 


Titze, H. A 


Illinois. 


Strong, Rev. Thomas H.. . 
Strand, Daniel 


Toby, James K 


Vermont. 


Tolman, J. W 


Illinois. 


Struthers, R. H 


Tolman, Rev. Marcus^ A. . 
Tompkins, W 


Pennsylvania. 
Now York. 


Stuart, E. W 


Stuart, Prof. A. P. S 

Stumps, S.J 


Tooker, Nathan C 

Tourtellot, Dr. L. A 

Tower. James M 

Towers, M. H 


Pennsylvania. 
New York. 


Stuntebeck, F. H 

Stuntz, G. R 


New York. 
Wisconsin. 


Stuver, A. S 

Suter, Captain C. R 

Sutherhmd, Norris 

Sutton, Rev. A 


Townsend, Nathan 

Towson. J- W 


Iowa. 
Ohio. 


Tracy, George H 

Tracy, James E 

Travelli, J.I 


Pennsylvania. 
Pennsylvania. 
Pennsylvania. 
Ohio. 


Sutton, Dr. G. ...... 


Swain, Dr. John 


Treat, Samuel W 

Trembley, Dr.J.B 

Trevor, James B 

Trible, Miss Anna C .... 

Trivett, Walter M 

Trowbridge, David 

Troy, Dr. M 


Swan, Caleb 


Ohio. 


Swan, James G 


New York. 


Swart. Haren V 


Illinois. 


Swazey, C. B 


California. 


Swift. Lewis 


New York, 


SwifLDr.Paul 


Alabama. 


Sylvester, Dr. E. Ware... 


True.H.A 


Ohio 


Talcott, H 


•Tuck, Dr. W.J 

Tucker, Edward T 

Tuckennan, L. B 

Tuomey, Prof.M 

TumbuU, Lieut C.N... . 
Turner, A.P 


Tennessee. 


Tappan, Eugene 


Massachusetts. 


Tappan, E. T 


Ohio. 


Tate, And 




Tavel, B. F 


Michigan. 
Indiana. 


Tayloe, E. T 


Taylor, John 


Turner. David ...... 


Virginia. 

Texas. 

Alabama. 


Taylor, Joseph W 

Taylor, Prof. K. M 


Turner, T. A *. 

Tutwiler, H 


Taylor, L.B 


Tweedy,D.H 


Ohio.. T 
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List of mefteorological obsenfers^ &e. — Ck>ntiiiaed. 



Name. 



StAte. 



Name. 



State. 



Twiss, Thomas S 

United States consal 

Ufford, Rev. John 

Underwood, D 

Underwood, Colonel D .. 

Z^ haw,G.W 
ted States engineers . . 

Vagnier, Thomas 

Valentine, John 

Valentine, Felipe 

Van Blascom,.! 

Van Buren, Jarvis 

VanDoren,A 

Van Home, F.B 

Vankekle,L 

Vankirk,W.J 

Vankirk,W.J 

Vankleek, Rev.R.D .... 

Van Nostrand, J 

yanOrden,W 

Van Vorhees, A 

Von Frantzius, Dr. A . . . 

Verrill,G.W.,jr 

Vert rees, John E 

Vincent,J.H 

Vogel,C 

Waddell, William H 

Wade, Edward 

Wade,F.8 

Wadey, H 

Wad8worth,A.S 

Wadsworth, General P. . 

Wagner, W.H 

Wainwright, Elmore ... 

Waite,M.C 

Wakeley,C.C 

Walker, David, M.D ... 

Walker, J.P 

Walker, Mrs. Mary A... 
Walker, Mrs. Octavia C- . 

Walker,R.L 

Walker,S.C 

Wallace, Samuel J 

Wallace, Colonel W 

Waller,R.B 

Walsh, Stephen 

Walter, Dr. James 

Walton, Joseph P 

Ward,Rev.L.F 

Ward, Prof. W.H 

♦ Warder,A.A 

Warder,R.B 

Waring, Prof. C.B 

Warne, Dr. George 

Warren, James H 

Warren, James H 

Wu8hbum,D 

Washington, L 

Watkius, W.D 

Watson, George 

Watterson, H. R 

Wattles, Miss Celestia — 



Nebraska. 

Bahamas. 

Iowa. 

Vermont. 

Wisconsin. 

Virginia. 

Mi<3iigaii. 

Indiana. 

Indiana. 

Costa Rica. 

Maine. 

Georgia. 

Virginia. 

Indian Territory 

Delaware. 

Alabama. 

Missouri. 

New York. 

Texas. 

Michigan. 

Minnesota. 

Costa Rica. 

Maine. 

Missouri. 

Mississippi. 

Missouri. • 

Mississippi. 

Ohio. 

Texas. 

Iowa. 

New York. 

Maine. 

Oregon. 

Michigan. 

Wisconsin. 

New York. 

VancouTer's isl. 

Delaware. 

Kentucky. 

Michigan. 

Pennsylvania. 

Pennsylvania. 

Illinois. 

South Carolina. 

Alabama. 

Minnesota. 

Kansas. 

Iowa. 

Ohio. 

Wisconsin. 

Ohio. 

Ohio. 

New York. 

Iowa. 

New York. 

Iowa. 

Pennsylvania. 

Wisconsin. 

Ohio. 

New Jersey. 

Ohio. 

Kansas. 



Wattles,J.O 

Weast, J.W 

Weatherford, John M.. 

Webb, Miss G 

Webb, Dr. Robert D... 

Weber.P 

Webster, Prof. N. B... 

Weeks, James A 

Weir, A. D 

Weiser, R 

Wellford, B. R 

Wells, C. B.... 

Wells, J. Carson 

WeUs, W 

West, Edmund 

West,E. W 

West,L. W 

West, Dr. N. P 

West, Silas 

Westbrook, Samuel W .. . 

Westdahl, P 

Westmoreland, J. G 

Wetherill, Prof. 

WheatoD, Alex. Camp . . . 
Wheaton, Mrs. Daniel D. 

Wheeler, B. J.... 

Wheeler, JohnT 

Whelpley, Miss Flor'e E. 
Whelpley, Miss Helen I.. 
Whelpley, Dr. Thomas.. . 
Whipple, Capt. A. W.... 

Whitaker, B 

Whitcomb, George 

Whitcomb, L. F 

White, Prof. Aaron 

White, Bela 

White, Prof. J. B 

White, Peter 

White, Dr. W. T 

Whitehead, W. A 

Whitfield, E 

Whiting, Robert C 

Whiting, William H.... 

Whitlodc, James H . . 

Whitner,B.F . 

Whitney, Miss L. J 

Whittlesey, C. S 

Whittlesey, S. H 

Wickline, Thomas J.... 

Wieland,C ,. 

Wieland, H 

Wiessner, J 

Wiggin, Andrew 

Wilbur, B.F 

WUd, Rev. Edward P... 
Wilkinson, C. H., M. D . . 

Wilkinson, John R 

•Willard, J. F 

Willet, Prof. J. E 

Williams, B.C 

WiUiams, Ed. F 

Williams, H. B 



Kansas. 

Arkansas. 

Missouri. 

Mich, and Ind. 

Alabama. 

Missouri. 

Virginia &N.C. 

Pennsylvania. 

Pennsylvania. 

Pennsylvania. 

Virginia. 

Nebraska. 

Virginia. 

MissourL 

Ohio. 

Ohio. , 

Wisconsin. 

Texas. 

Maine. 

North Carolina. 

Alaska Ter. 

Georgia. 

New York. 

lowadc Mon.T. 

Iowa. 

Vermont. 

New Hampshire. 

Michigan. 

Michigan. 

Michigan. 

Michigan. 

Illinois. 

Missouri. 

Massachusetts. 

New York. 

Nebraska. 

South Carolina. 

Michigan. 

New Grenada. 

New Jersey. 

Minnesota, 

New Hampshire. 

Wisconsin. 

California. 

Florida. 

Geor^a. 

Michigan. 

Michigan. 

Virginia. 

Minnesota. 

Minnesota. 

Dist. Columbia. 

New Hampshire. 

Maine. 

Massachusetts, l 

Texas. 

Ohio 

Wisconsin. 

Georg[ia. 

Illinois. 

Tennessee. 

Iowa, 
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Name. 


State. 


Name. 


State. 


Williams, Prof. J. R 


Pennsylvania. 

Pennsylvania. 

Ky. & Ohio. 

New York. 

N.Y.&Conn. 

Kentucky. 

Georgia. 

Maine. 

N.Y.&N.J. 

Oregon. 

Virginia. 

Missouri. 

Missouri. 

Maine. 

Ohio. 

Massachusetts 

Missouri. 

New York. 

Pennsylvania. 

Ala.& Michigan. 

Indiana, 

Vermont. 

Ohio. 

Wisconsin. 

Pennsylvania. 

Missouri. 

Ohio. 

Iowa. 

Indiana. 

Minnesota. 

Minnesota. 

New Jersey. 

Ohio. 

New York. 


Woodruff. E. N 


Kentucky. 
Michigan. 
W^isconsin. 


Williams. Prof. L. D 


Woodruff, L 


Williams, Prof. M. G 


Woods, W 


Williams, Dr. P. 


Woodard, C. S 


Biichigand&Ind. 
New York. 


Williams, Rev. R. G 


Woodard,C.S 


Williams, Rev. S. R 

Williams, Prof. Wm.D... 
Willia. Henrv...... 


Woodward, Lewis 

Woodworth, Dr. A 

Woodworth, Samuel 

Woolsey, Dr. W. W 

Wooster, C. A 

Worraley, Theo. G 

Wray, Alex 


New York. 

Kansas. 

Iowa. 


WUlis,0. R 

Willis, P. L 


Iowa. 
New York. 


Wills, J. C 


Ohio 


Wilson, G. W.,iT 

Wilson. Josenh A 


North Carolina. 


Wright, Dr. Daniel F.... 
Wright, E. M 


Tennessee 


Wilson. Dr. J. B 


MinnMnntjt. 


Wilson, Prof. J. H 

Wilson. LavaUette 


Wyman, A. H 

Wyrick, M. L. 


Maine. 
Missouri. 


Wilson; P. S 


Yale. Walter D 


New York. 


Wilson, Prof. W. C 

Wilson. Rev. W. D 


Yellowby,Prof. O.W.... 
Yeomans, W. G 


Texas. 
ConnecticuL 


Wilson, W. W.-.-. 


Yoakum, F. L 


Texas, v 


Winchell. Prof. A 


Yoakum, H 


Texas. 


Wlndlo, Isaac E 


Young, A. A. ........... 


New Hampshire 
Ohio. 


Wing, M. E 


Young, Prof. C. A 

Young, Prot Ira 

Young, J. A............ 


Winger, Martin 


New Hampshire 
South Carolina. 


Winkler, Dr. C 


Wise, John 


Young, Jude. M 


New York. 


Wislixenns. Dr. A . . 


Yonnir. Mrs. L...... .... 


Kentucky. 
Arkansas. 
Kentucky. 
New York. 


Withrow, Thomas F 

Witter, D.K 


Younger, Armistead 

Younglove, J. E 


Woodbridm. W . . ^ . 


ZaeonfeL J 


Woodburv. C. E 


Zahner, P. 


Nebraska. 


Woodbnrv. C. W .-- 


Zealv. Josenh T.... 


South Carolina. 


Wood, Samuel 


Zeigler, Dr. A. F 

Zimmerman, G...... .... 


Idaho Territory. 
New York. 


Wood. S. B 


Woodbridge, W 


Zumbrock, Dr. A 


Maryland. 


Woodin, & F....'. 
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METEOROLOGICAL MATERIAL CONTRIBUTED IN ADDITION TO THE REG- 
ULAR OBSERVATIONS, DURING THE YEAR 1868. 

Acadimie Impiridle de Lyon. — M^moires do TAcadeinie Imp^riale des 
Sciences, Belles-Lettres et Arts de Lyon, classe des sciences, tome seizidme, 
Lyon, 1866-'67, Svo., 446 pages. [Contains: Observations M^t^orologiques fiutes 
k 9 heures du matin k Fobservatoire de Lyon du ler D^cembre 1865, an ler 
D^cembre 1866, par M. Aim^ Drian, sous la direction de M. Lafon, professeur 
k la Faculty des Sciences et directeur de Tobservatoire, 26 pp. Resultats de la 
nouvelle s6rie d'observations ozonom^triques faites par MM. le Docteur Lembert 
et F. Rassinier, damnt Tannee 1866, 32 pp. Classification des ph^nom^nes 
produits par Telectricit^ m^t6orique dans le bassin du Rhdne et aux alentours, 
par M. J. Foumet, president de la commission des Orages, lue dans la stance 
du 6 Mars 1867, 122 pp.J 

AguiluTy F. C. — Boletmo Meteorologico del observatorio del Colegio Nacional 
de Quito, dirigido por los padres de la Compania de Jesus, segundo aiio 1866, 
F. 0. Aguilar, S. J., Quito, 1868, 36 pages, 8vp. 

Asiatic Society qf Bengal. — Journal, Part II, l^o, II, 1868, contidning abstract 
of the results of meteorological observations taken at the surveyor general's Office, 
Calcutta, September, 1866, to June, 1867, inclusive; also tables of mean 
monthly readings of the barometer reduced to freezing point, for 10 years, from 
1856 to 1865, and of barometric curve and registered rainfalL 

Bache, R. M, — Notes on the climate of San Francisco, Califomia, and table 
of temperature. 

Berkey, W, H, — ^Meteorological record kept at Ossawatomie, Kansas, during 
the month of March, 1868. 

Boardman, G. A, — Meteorological observations made during the month of 
January, 1868, at Green Cove Spring, Florida. 

Boerner, Charles G. — ^Account of the meteoric shower of November 13 and 
14, observed at Vevay, Indiana. 

BruhnSj Br. C. — Resultate aus den Meteorologischen Beobachtungen an|^ 
stellt an mehreren Orten im Kdnigreich Sachsen in den Jahren 1826 bis 
1861, und an den fiinfundzwanzig Koniglichen Sachsischen Stationen im Jahre 
1866. Nach den monatlichen Zusammenstellungea im Statistischen Bureau des 
KOniglichen Ministeriums des Innern, bearbeitet von Dr. C. Bruhns, Director 
der Stemwarte und Professor der Astronomic in Leipzig. Dritter Jahrgang, 
Leipziff, 1868, 4to, 136 pp. 

Bush, Richard J, — ^Meteorological observations made during the exploration 
of the country between Okhotsk and Nicolaefsk, East Siberia, in the service of 
the Western Union Telegraph Company, October 21, 1865, to March 4, 1866. 

Chase, Pliny Earle, Philadelphia, — Curves indicating the relation of the moon 
to temperature at the surface of the earth. 

Christiania Observaiorium. — Meteorologiske lakttagelser, 1867. 

Comelisseny J. Z>. — On the temperature of the sea near the south point of 
Africa. Royal Meteorological Institute of the Netherlands, 4to. 

Cox, Judge HopeweU. — -Meteorological observations made at Hartford, Dodge 
county, Wisconsin, from April, 1859, to September, 1862; copied by S. &. 
Lapham, for the Smithsonian Institution. 

JDcdlj W, H, — ^Meteorological observations made at Nulato, Alaska, from 
December 1, 1866, to May 26, 1867, by W. H. Dall ; also meteorological obser * 
vations at Unalakleet, Alaska, from October 19, 1866, to Januarv 23, 1867, b\ 
F.Westdahl. 

Davis, R, J, — Observations of temperature near Glasgow Station, Amherst 
county, Virginia. 

Bestruge, ^.—Meteorological register for the month of October, 1868, at 
Guayaquil, Ecuador. 
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JDraper, Br. Joseph, — Meteorological observations made at the State Lunatic 
Hospital, Worcester, Massachusetts, during the years 1859, 1860, and 1861. 

Engmeer corps. United States army, — ^Horary curves at Willet's Point, New 
York, firom 12 days' hourly observations, July 14 to July 25, 1868 ; 8vo, 2 pp. 

French, J, B,, agent W. Lake C, 4* W, Manufacturing Company, Lake Village, 
New Han^^ire, — ^Tables of rainfall at Lake Village and Laconia/ New Hamp- 
shire. 

Galveston City Hospital, — Meteorological observations made at the Galveston 
City Hospital, Galveston, Texas, during the year 1867, by Drs. 0. H. Wilkin- 
son, H. A. McComly, and others. 

GeseUschc^ft fur Natur-und HeUkunde in Dresden, — Die Vertheilungen der 
Windstarke in der Windrose von Dresden, von Dr. Ed. Loisjer ; 8vo. 

Gibbs, Creorge, — Meteorological statement for the year ending October 31, 
1868, Sitka, Alaska Territory. 

GUman, W. 8,, Jr, — Weather items, Palisades, Rockland county, New York, 
1868. 

Hann, Dr, Julius, — Die thermischen Verhaltnisse der Lnftstrdmungen auf dem 
Obir (6,288 Par. Fuss) in Kamthen, mit 1 Tafel; December, 1867. 

Die Temperatur-Abnahrae mit der Hohe als ein Function der Windes- 
richtung, mit 1 Tafel ; March, 1868. 

Zur Charakteristik der Winde des adriatischen Meers, mit 1 Tafel ; 1868. 

Hartt Charles H, — Meteorological register kept at Parana, South America, 
from October, 1843, to July, 1850, inclusive. 

-Hew, Dr. — ^Wochensohrift fiir Astronomic, Meteorologie und Geographie. 
Nene Folge, Elfter Jahrgang ; (der " Astronomischen Unterhaltungen," 22tei 
Jahrgang.) Redigirt von Professor Dr. Heis, in Miinster, 1868 j (8vo, each 
number eight pages.) 

Hoff, Alexmder H,, Assistant Surgeon United States Army, — ^Meteorological 
statement for the year ending October 31, 1868. Sitka, Alaska Tetritory. 

Huntingdon, George C. — Meteorological tables for Kelley's island, Ohio, com- 
piled from ten years' observations, 1859 to 1868 inclusive. Newspaper slip. 

Third annual report of the Lake Shore Grape-growers' Association, contain- 
ing article on climatology and grape culture, by George 0. Huntington. 8vo. 

InstitUt jSgyptien, — ^Memoires ou travaux originaux presentes et lus k I'lnati- 
tot £gyptien, publies sous les auspices de S. A. Mahommed-Sald, Vice-Roi 
d'figypte, sous la dh*ection de M. le Docteur B. Schnepp, Secretaire de I'Institut 
£gyptien. Tome premier. Paris, 1862, 4to, 776 pages. [Contains : Etudes 
sor le climat de I'E^rpte, par le Docteur B. Schnepp, 192 pa^es. Du Khamsin 
et de ses effets ; du Bl6 retrait, par M. Gr^goire, membre de rlnstitut fjgyptien, 
14 pages.] (llie Khamsin is a desert wind called elsewhere Simoon.) 

Jdtnek, C, — Zeitschrift der dsterreichischen Gesellschaft fiir Meteorologie. 
Redigirt von 0. Jelinek und J. Hann. 8vo, Vienna, published twice a month 

Jourdan, C, H,, Prqf, — Meteorological curves and summary of observationif 
for 1868, at Mount St. Mary's College, Emmettsburg, Maryland. 

Kaiserlich-Konigliche Centrdt-AnstaHtfur Meteorolcgie und Erdmagnetismus.'— 
Jahrbucher derK. K. Central-Anstalt fiir Meteorologie und £rdmagnetismus, vor 
Carl Jelinek, Director, und Carl Fritsch, Vice-Durector. Neue Folge, II Band 
Jahrgang 1865. Der ganzen Reihe Xter Band. Wien 1867, 4to, 212 pages 

Jahrbucher, Wien. 1868, 4to, 205 pp. 

Kluge, J. P,y M. D. — Meteorological observations made at Aspinwall, U. S 
C, from the week ending January 18, 1868, to week ending January 2, 1869. 

KoninkHijk Nederlandsch Meteorolog, Insiiiuut, — Jaarboek voor 1867. Partf 
1 and 2, oblong 4to, pp. 244 and 114: 

Koninklijk Nederlandsch Meteorologisch Jiw^t^at*^.— Meteorologische Waar- 
nemingin in Nederland en zijne bezittingen, en Afwijkingen van Temperatuur 
en Barometerstand op vele Plaatsen in Europa. Uitgegeven door het^oninklnk 
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Nederlandsch Meteorologisch Institaat. 1864. Utrecht, 1865. Oblong 4to, 308 
pages. 

Letois, Charles if.— Thermometrical record at»Elizabetliton, Garter county. 
East Tennessee, for the month of February, 1868. 

LewiSy Dr. James.— Hourly records for the year 1868, by his self-record- 
ing barometer and thermometer, and reductions of the same, at Mohawk, New 
York. 

Little, Frank. — Thermometrical observations at Kalamazoo, Michigan, during 
May, June, and July, 1868. 

lAvingSj B. 0. — Meteorological register at Smithfield, Wabash county, Min- 
nesota, during the month of January, 1868. 

Luptan, N. T, — ^Abstract of meteorological register for 1868, at the Southern 
University, Greensboro, Alabama. (Newspaper slip.) 

MacgregoTj 0. «/., M. A. — ^Abstract of meteorological observations at Strat- 
ford, Canada, for the year 1867. (Newspaper slip. ) 

Mackey, Bdbert. — Thermometrical record for July, 1868, at Island creek, 
Jefferson county, Ohio. 

Magnetic Observatory, Toronto^ Canada, — General meteorological registers 
for the year 1867. 8vo, 6 pp. 

Marsh, BosweU. — Summary of meteorological observations during the year 
1868. at Steubenville, Ohio. 

Merrtanty C 0. — Meteorological report for the year 1868, at Locust Grove, 
Lewis county, New York. 

Meteorological Society , (British.) — Proceedings of the Meteorological Society, 
edited by James Glaisher, esq , F. R. S., president. 8vo. London, monthly. 

Meteorology of England. By James (jlaisher. Quarterly. 

Meteorologische Ceniralanstalt der ' Schweizerische Naturforschende GeseH- 
schqft. — Meteorolog. Beobachtungen, 1867, and January and February, 1868. 

Michigan Board of Agriculture. — Report for 1867, containing a paper on the 
influence of forest trees on agriculture, and a meteorological register for 1867, 
by Professor R. 0. Kedzie, State Agricultural College. Lansing. 

MiUer, Lester A. — Maxima and minima of temperature at Woodstock, Ver- 
mont, during the month of November, 1867. 

Moore, V, B. — ^Thermometrical record for the month of March, 1868, at 
Bridgeton post office, near Eastville, Northampton county, Virginia. 

Motdtrie, J. L, — Summary of rainfall at Union Springs, Alabama, during 
1868. 

National Military School of Medicine qfBoumania, [through tiie United States 
Naval Observatory, Washington.] Meteorological tables. 

Naturaliste Canadien, — [Contains: Meteorological register at Port Neuf, Can- 
ada, for 1868.] 

Naturforschende CreseUschqft eu Gorlitz, — Abhandlungen der Naturforschen- 
den (Jesellschaft zu Gorlitz. Dreizehnter Band. Gorlitz, 1868, 8vo, 296 pp. 

[Contains : Meteorologische Beobachtungen in Gorlitz vom 1 December, 1863, 
>is 30 November, 1866, von R. Peck. P. 12^208.] 

Norske Meteorologtske Institut — Norsk meteorologisk aarbog for 1867. 

Observatory of f/psafa.— Observations m^teorologiques faites k Tobserva- 
toiro d' Upsala pendant les ann^es 1855 et 1861. 

Observatoire Boyal de Bruxelles, — Aunales m6t6orologiques de Tobservatoire 
Royal de Bmxelles, publiees, aux frais de r6tat, par le directeur A. Quetelet, 
Premidre Ann^e. Bruxelles, 1868, 4to, 96 pp 

Falm, Swante, — Meteorological registers kept at Austin, Texas, from 1860 to 
1864, inclusive. 

ParviUj Prqf. T. S, — Summary of meteorological observations at Iowa City, 
Iowa, during the year 1868. 8vo, 2 pp. 
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PaHisofiy H, A, — Report of meteorological observations at Muskegon, Michi 
gan, during part of the month of August, 1868. 

PhysikcUischer Verein. — Jahresbericht des Physikalischen Vereins zu Frank- 
furt am Main, fiir das Rechnunggahr 1866-'67, 8vo., 120 pages. [Contains : 
Vermischte Meteorolo^sche Notizen, von Professor Dr. Oppel, 19 pp. Ueber 
tagliche Barometerschwankungen und das Gesetz der taglichen Drehung des 
Windes, von Dr. Beiger, 20 pp. Meteorologische Notizen vom Jahre 1867, 
7 pp. WasserhOhe des Mains vom Jahre 1867, 1 page. Gewonnene Ergeb- 
nisse aus den im Jahre 1867 angestellton motoorologischen Beobachtungen des 
Physikalischen Vereins, 4 pp. Grapbische Witterungstabello des Jahres 1867.] 

Poey, M. Andr6, — Bibliographic Cyclonique, deuxidme edition, Paris, 1866. 

*' Generalit^s sur le climat du M exiquo, et sur I'^clipsc totale do lune du 30 
Mars dernier,'' Paris, August, 1866. 

'* Sur Tin version diume et nocturne de la temperature jusqu'aux limites do 
Fatmosph^re, et 4 sa repartition de Thorizon au z6nith," January, 1865. 

" Sur la non-existence sous le ciel du Mexique, de la grande pluie d'etoiles 
filantes de Novembre, 1866, et du retour p(5riodique du mois d'Aofit," 1867. 

" Sur la non-existence sous le ciel austral des retours p^riodiques des etoiles 
filantes, et sur leur extinction gi-aduelle du pole nord d Tequateur," October, 1865. 

^^ Description d'un ozonographe et d'un actinographe destines k enregistrer, do 
demi-heure k demi-heure Fozone atmosphdrique, et Faction chimique de la 
lumiere ambiante," December, 1865. 

'^ Remarques sur les colorations ozonoscopiques obtenues k Faide du rdactif de 
Jmne (de Sedan,) et sur F^chelle ozonomdtrique de M. Berigny," October, 1867. 

**Travaux sur la mtJtdorologie, la physique du globe en general, et sur la clima- 
tologie de llle de Cuba et des Antilles," October, 1861. 

Appel aux nations Hispano-Amoricaines. (Meteorological circular.) 

Pratt, W. H — Account of meteoric shower observed on the night of Novem- 
ber 13 and 14, 1868, at Davenport, Iowa. 

JRaddiffe Observatory, — Results of astronomical and meteorological observa- 
tions made at the Radcliffe Observatory, 1865. 

Ravendj T. P. — Meteorological Journal for the year 1860, kept at St. John's, 
Berkeley parish. South Carolina, for the Black Oak Agricultural Society, by T. 
P. Ravenel, secretary. Pamphlet, 8vo, 15 pp. Charleston, 1861. 

Bayy Br. John D. — Observations at Paris, Kentucky, during January to July, 
1855. 

Peal Academia de Ciencias, d:c,f ffabana. — ^Anales. (Containing meteorolog- 
ical registers.) 

ifeo/ Observatorio de Madrid. — Observaciones Meteorol6gicas effectuadas en el 
Real Observatorio de Madrid, desde 1** de Diciembre de 1865, al 30 de Noviem- 
bre de 1866. Madrid, 1867. 16mo. 175 pp. 

Informe del Director del Real Observatorio astronomico y meteorologico de 
Madrid al Excmo. Sr. Comisario Regie del mismo establecimiento. Madrid, 1867. 
16mo. 72 pp. 

Resumen de las Observaciones Metemologicas efectuadas en la Peninsula desde 
el 1** de Diciembre de 1865, al 30 de Noviembre de 1866. Madrid, 1867. 16mo. 
364 pp. 

^. Osaervatorio di PdUrmo. — ^Bulletino Meteorologico del R. Osservatorio di 
Palermo. (Estratto del Giom. di Scienze Naturali ed Econ.) 4to, monthly. 

Bijks Observatorium, Leiden- — Ondersockingen ombrent den Gang van het 
Hoofduurwerk des Stcomwacht te Leiden de Pendule. Nohwii No. 17. Door 
F. Kaiser. 

Poche, Edouard. — ^Recherches sur lea Offuscations du Soleil et les M^t^res 
Cosmiques. Paris, 1868. 

Poyal Agricultural Society' qf England. — ^The Journal of the Royal Agricul- 
tural Society of England. Second series^ Volume IV. Londonj^868. 8vo, 
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294 pages. [Contains : Meteorology for the six months ending December 31, 
1867 — 5 pp. On the Temperature of the Sea and Its Influence on the Climate 
and Agriculture of the British Isles; by Nicholas*Whitley, F. M. S. — 31 pp. 

RuffneVj W, H, — Weather notes taken at Tribrook farm, one and a half mile 
southwest of Lexington, Virginia, during the years 1867 and 1808. 

Sawyer, Henry j United States consul, — ^Meteorological register at Paramaribo, 
Dutch Guiana, from January 12, 1868, to January 3, 1869. (Newspaper slips.) 

SccHei Nationdle de Mcdicina. — Tablod General de Observatiunele Meteori 
ologice ale Scolel Nationale de Medicina facute la Sptalul militar din Bncurest- 
in Anul 1863. Directorul scholei, Davila. observator: A. Lessman. (One large 
lithograph sheet of tables and diagrams. Similar sheets for 1864, 1865, 1866, 
1867.) 

Scottish Meteorological Society, — Journal of the Scottish Meteorological Soci- 
ety. Published quarterly. 8vo. Edinburgh. 

Scudder, S, H. — ^Meteorological observations taken during a trip to Cuba and 
the Isle of Pines in the spring of 1864. 

Shepherd, Smiley, — ^Abstract of observations for each month of the year 1868, 
at Hennepin, Illinois. 

Sisson, Rodman, — A table showing the temperature of the seasons for the three 
years from December, 1864, to November, 1867, inclusive, at North Abingdon, 
Luzerne county, Pennsylvania. 

SmiJiearty I>r, C, F. — Meteorological observations made at Houston, Texas, 
by Dr. A. M. Potter, from September, 1862, to October, 1865. (Dr. Potter died 
October 10, 1865, and this register was presented to Dr. Smiheart by his family.) 

Sociitd M6teorologique de France, — Nouvelles Mdtdorologiques, publides sous 
les auspices de la Society Mdtdorologique de France. 8vo. Paris. (Issued 
monthly.) Annuaire 1866, 1867. 

Socicta Beale di Napoli, — Rendiconto delV Academia delle Scienze Fisiche e 
Matematiche. April, 1865, to May, 1867. Quarto, monthly. [April, 1865, con- 
tains: "Nuovo anemografo elettro-magnetico. Memorio del Socio Ordinario L. 
Palmieri ;" pp. 105-106. June, 1865 : •' Tremblement de terro de 1862 dans 
les environs du Lao Baikal, (Siberio Orientale.) par P. Kropotkine et A. Pali- 
bine;" pp. 181-195. August, 1865: "Se le osservazioni di meteorologica elet- 
trica fatte con Felettrometro bifiliare e col condutore mobile siano comparabili j 
nota del Socio Ordinario L. Palmieri;'' pp. 244-249. September, 1865: "Pro- 
cella magnetica contemporanea all' apparizione delle stelle cadenti; nota del 
L. Palmieri ;" pp. 277-282. January, 1866 : " SulP elettrografo atmosferico 
del Thomson; nota del L. Palmieri;" pp. 19-21. April, 1866: "Intomo alia 
determinazione della vein direzione del vento; nota del L. Palmieri;" pp. 
104-105. " Sopra un nuovo metodo ordinate alio studio dell' elettricitii atmos- 
ferica proposto dal Signer Mbnnet alia Society delle Scienze Industriali di Lione; 
nota del L. Palmieri;'' pp. 124-125. August, 1866 : "Dell' ozono e dell' anti- 
ozono ; nota L. Palmieri ;" pp. 268-270. September, 1866 : " Sul ricorso delle 
stelle cadenti nell' Agosto del 1866 ; nota L. Palmieri ;" pp. 293-294. " Sulla 
pressione media del barometro in Napoli, dedotta dalle osservazioni del Pro£ 
Faustino Brioschi ; communicazione del Socio Ordinario A. de Gasparis ;" pp. 
300-304. January, 1867: "Sulla pioggia di stelle cadenti prevista pel 14 
Novembre del passato anno; communicazione del L. Palmieri;" p. 18.] (Each 
monthly number also contains daily notices of the weather and meteorological 
observations made at Naples.) 

Societa JReale di Napoli, — Atti dell' Accademia delle Scienze Fisiche e Mate- 
matiche. Vol.11. Napoli, 1865. 4to. 602 pp. [Contains: " Sopra un nuovo 
udometro autografico" — 2 pp.; "SuU' ozono atmosferico nuove indagini"— 
16 pp.; "Del periodo diumo dell' elettricita atmosferica e delle sue attenenze 
con quelle delle coiTenti telluriche"— 4 pp. ; "Nuovo anemografo elettro-mag^ 
netico" — 4 pp. These four articles are all by Luigi Palmieri.J ^ GoOqIc 



METEOROLOGICAL MATEELAL. 107 

Stevens, Linus. — ^Abstract of rainfall^ &o., at Claremont, New Hampshire, 
for six months ending April 30, 1S68. 

Stonyhurst Observatory. — ^Meteorological reports for the years 1860, 1861, 
1862, 1863, 1864, 1865, 1866, and 1867. 

StumpSy S. J, — ^Meteorological observations made in Hampshire coonty. West 
Virginia, from July 1, 1868, to January 1, 1869. 

Thornton, Dr. — Summary of meteorological observations taken at Morpeth, 
New South Wales, during the year 1865. 

Trembky, Br. J. B. — ^Meteorological synopses for the years 1865, 1866, and 

1867, from observations made at Toledo, Ohio. 8vo, 12 pp. each. 

United States Naval Observatory. — The November meteors of 1868. 8vo, 
10 pp. and chart. 

Van FrantziuSy Dr. A. — Gaceta Oficial, San Jos^, Costa Rica, containing 
abstract of meteorology of San Jos^ for the year 1867. 

Von Oettingen, Dr. Arthur. — ^Meteorologische Beobachtungen angestollt in 
Dorpat un Jahre 1867. Bedigirt und bearbeitet von Dr. Arthur von Oettingen, 
Professor der Physik an der Kaiserlichen Universitat Dorpat. 8vo. Dorpat, 

1868. 118 pp. 

Waller, Bobert B. — ^Meteorological observations made at Greenesbony, Greene 
county, Alabama, during the year 1862. 

Walton, J. P. — ^Account of meteors, November 13, 1868. (Newspaper slip.) 

Whitcomb, George. — ^Abstract of meteorological record kept tiear Charleston, 
Mississippi county, Missouri, from January to September, 1868, inclusive. 

WiUiams, B, C. — ^Thermometrical record for the month of February, 1868, at 
Ridge farm, Vermillion couhty, Illinois. 

Williams, S. B. — ^Abstract of observations for each month during the year 
1868, at Lexington, Kentucky. 

Wright, Captain J. W. A. — ^Facts in Meteorology. (Separate papers pub- 
lished in the Alabama Beacon, Greensboro', Alabama. Newspaper slips.) 

Zeledon, Jos6 C. — Observationes meteorologicas hechas en la ciudad de San 
Jose (Costa Rica) durante el aiio de 1868. (Made at the Oficma Central de 
Estadistica and published in the Gaceta Oficial, San Jos^.) 

Unknown. — Abstract of meteorological register kept at Fort Yuma, California, 
during the year 1867. 

Miscellaneous meteorological notes, Philadelphia. 
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REPORT OF THE EXECUTIVE COMMITTEE. 



Washington, Janwiry 14, 1869. 
The Executive Committee of the Smithsoniax) Institution respectfully submits 
the following statements in relation to its invested capital, the receipts and 
expenditures during the year 1868, and an estimate of receipts and proposed 
appropriations for 1869 : 

CAPITAL INVESTED. 

The Smithson fund in the Treasury of the United States on the 
1st <9f January, 1869, remains as stated in the last annual 
report $650,000 00 

And in Virginia State 6 per cent, bonds $53, 500 

With coupon bonds issued for unpaid interest to Jan- 
uary, 1867 19, 260 

72, 760 

The value of Tvhich at the present time may be estimated at bb per 
cent, on the par value 40, 018 00 

Total invested capital 690, 018 00 

EECEIPTS IN 1868. 

Interest from the Treasurer of the United States on -$650, 000 

at 6 per cent, for the year ending 31st December $39, 000 00 

Premium on sale of gold 14, 527 50 

Interest on Virginia .68, old bonds, 2 per cent, on $53,500 for the 

first six months of 1868, less brokerage 1, 067 33 

From sales of publications 385 52 

From sales of old and useless material 188 88 

Eepayment of expenses of explorations from parties co-operating 

with the Institution 698 54 

Repayment for freights incurred on account of parties sending 

books to foreign Bbraries 100 00 

Cash balance in bank, January, 1868 11, 485 56 

Amount available for 1868 67, 453 33 

In addition to this amount the Institution received from, and accounted for, to the 
Department of the Interior, the sum of $5,116 31, appropriated by Congress for 
the preservation and care of the property in the museum collected by govern- 
ment exploring expeditions. Of this sum $4,000 was the appropriation for the 
year 1868-'69, and $1,116 31 the balance of the previous year's appropriation. 

The State of Vii'ginia paid during the year 2 per cent, on its old bonded 
debt for the first six months, leaving 1 per cent^ still due for that period, 
claimed to be payable by Western Virginia, as a just proportion of the original 
State debt. On its new bonds, issued for coupon interest past due, nothing has 
been paid. Tiie State proposes to sell its interest in certain canals, rdl and 
other roads, to liquidate this and other indebtedness, and favorable ^-esults may 
for the future be anticipated from this investment igitized by V ^ 
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Statement in detail qf expenditures during the year 1868 

BUILDING, . 

For the reoonstraotion of parts of the building 
destroyed by fire, composted in 1867 and paid in 
1868 • «18, 457 20 

Repairs of other parts of the building ^ 2, 746 49 

Fomiture and fixtures to meet the general wants of 

the Institution 2, 982 38 

Amount expended on the building $24, 186 07 

GENEEAL EXPENSES. 

For meetings of the Board of Regents $303 87 

Lighting the building, offices, &c 276 35 

Warming the building, offices, &c 1, 086 50 

Postage 456 89 

Stationery 345 92 

Printing labels, blanks, circulars, &o 189 81 

l^ools^ materials for cleaning, binding records, &c., &c. 614 70 
Salaries of secretary, chief clerk, and assistants, labor- 
ers, and contingent labor 9, 552 80 

Interest on temporary over-draft 72 00 

12, 898 34 

PUBLICATIONS, BESEARCHES, &C. 

Publishing transactions, researches, &c., for Smithso- 
nian Contributions, quarto $4, 633 09 

Miscell^ieous collections, octavo 1, 177 45 

Smithsonian reports, illustrations, stereotyping, &c., 

octavo 1, 050 75 

Meteorology, computations, &c 1, Oil 47 

Apparatus 99 7C 

Explorations, natural history, and archaeology 1, 682 57 

9,655 03 

LIBRARY, MUSEUM, A2n> EXCHANGES. 

For purchase of books and binding $775 42 

literary and scientific exchanges 2, 801 84 

Assistants in museum, janitor, watchmen, laborers, and 
for labelling and arranging shells and ethnological 

specimens 3, 226 72 

Incidentals for museum — alcohol, bottles, ke 1, 488 29 

Freight on books, specimens, and other property 

received wid sent away . . . . ^. . ^ ^ 2, 068 88 

10,361 15 

Expenditures during the year. ,... 57,100 59 

Deducting this amount from the receipts of the year 
and cash in bank on 1st January, 1868, as pre- 
viously stated $67, 453 33 

Leaves a balance in bank January, 1869; of /i^lO, 352 74 
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EXAMIKATION OF ACCOUNTS. 

The committee has examined 576 receipted vouchers for payments made dar- 
ing the four quarters of the year 1868. Evidence of the receipt of materials 
and property, and of services rendered, and payment to the claimants or legal 
representatives, was found for the whole amount expended during the year. An 
examination of the quarterly accounts current, bank-book, ^eck-book, and 
ledger showed that the payments were made as required by the regulations pre- 
scribed by the regents; and the cash balances stated in the accounts current were 
in tbe authorized depository after the payment of all the quarterly accounts 
charged in the abstracts of expenditures. 

In the receipts for the year 1868, the sum of $5,116 31 is noted as hav> 
ing been received through the Department of the Interior, appropriated by Con- 
gress for the preservation and charge of its property in the museum collected by 
government exploring expeditions. The expenditure of this sum was made and 
accounted for in strict conformity with the financial regulations presciibed by 
the regents. 

ESTIMATED EECEIPTS FOE 1869. 

Interest on the Smithsonian fund in the treasury of the United 
States $650,000, payable 1st July, 1869, and 1st January, 

1870, at 6 per cent, in gold 839, 000 00 

Probable premium on sale of coin -• 13, 000 00 

Interest on Virginia 6 per cent, stock 1, 067 00 

Sales of useless property and other incidental sources during the 
year 500 00 

Total income in 1869 53, 567 00 

APPROPEIATIONS FOE 1869. 

It is proposed to apply the income of the year as follows : 

For general expenses $15, 000 00 

Publications and researches 15, 000 00 

Library, collections for museum, and exchanges. . 10, 000 00 
Continuing the repaira of the building 5, 000 00 



45,000 00 
Leaving from the yearly income a balance of. 8, 567 00 



$53,567 00 



It will thus be seen that the Institution has paid all its indebtedness ; provided 
all needful accommodation in the gradual reconstruction of parts of its building 
destroyed by fire; published large editions of annual contributions to science; 
accumulated a saving from its income of 1868 of $10,352 74, and an estimated, 
saving of $8,567 from its income of 1869 — ^making the sum of $18,919 74 as 
an available fund in January, 1870, to enable the Institution to conduct its opera- 
tions on a cash basis from the beginning of the year, and to continue and extend' 
its investigations in the various branches of physical science ; at the same time 
supplying apparatus for warming the various apartments in the building. 

RICHARD DELAFIELD, 
PETER PARKER, 

Execvatm ChmmiUee. 
Washingtok, January, 14, 1869. ^.^.^.^^^ byGoOglc 
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SMITHSONIAN" INSTITUTION. 



Washington, January 20, 1869. 

In accordance with a resolntion of the Board of Regents of the Smithsonian 
Institution, fixing the time of beginning of the annual session on the third 
Wednesday of January in each year, a meeting was called for this day. 

No qnoram being present, the bo^ adjonmed to meet on Wednesday, 27th 
January, 1869, at 7J o'clock. 



Washington, January 21 j 1869. 

A meeting of the Board of Regents was held at 7^ o'clock p. ra. at the Insti- 
tntion. Present, Hon. B. F. W^e, Hon. W. P. Fessenden, Hon. L. Trumbull, 
Hon. G. Davis, Hon. J. A. Garfield, Hon. J. V. L. Pruyn, Hon. R. Delafield, 
Hon. P. Parker, Rev. Dr. John Maclean, Hon. S. J. Bo wen, and Professor 
Henry, the secretary. 

Mr. Wade was called to the chair. The minutes of the last meeting were 
read and approved. 

The secretary stated that since the last session, Mr. Sayles J. Bowen had been 
elected mayor of the city of Washington, and thereby became ex-officio a mem- 
ber of the board in place of Mr. Waflach, and that Professor Agassiz's term had 
expired, but a resolution reappointing him a Regent had passed the Senate. 

General Delafield, in behalf of the lixecutive Committee, presented the annual 
account of receipts and expenditures for the year 1868, with estimates for the 
year 1869; which was read, and, 

On motion of Mr. Pruyn, the report was adopted. 

General Delafield also presented the following report relative to the Washing- 
ton city canal, which was read : 

JReport of tJie executive committee on a resolution qf the Regents qf (he Smithson- 
ian Institution on the influences qf the Washington cify canal on the health qf 
the population qf the city. May 15, 1868.* 

The executive committee, to which was referred the resolution of the Regents 
of the Smithsonian Institution of the 22d of April, 1868, instructing it to ascer- 

* Senate Mis. Doc. No. 95, 40th Congress, 2d session. 
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tain what measures are proposed to bo taken by the city authorities of Wash- 
ington in regard to the canal, so far as concerns the Smithsonian Institution, 
has examined the subject and now report, for the information of the Regents : 

That the Washington city canal has been constructed under the authority 
granted by the following laws : 

On the 1st of May, 1802, Congress passed an act incorporating the Wash- 
ington Canal Company, to raise $80,000, and construct a canal from the Potomac 
to the Eastern Branch, to admit boats drawing three feet water to pass through 
the whole extent of said canal, with the right to charge and collect tolls and 
wharfage. If not so completed within five years, it was to revert to the United 
States. 

This act seems to have expired by the failure of the company to execute the 
work, and on the 16th of February, 1809, Congress incorporated other parties, 
to raise $100,000, with the same title, to construct the canal through part of the 
city of Washington, as laid down on a plan of the city defining its limits, to 
admit of boats drawing three feet water to pass through it ; and if, at any time, 
the canal shall become obstructed so that boats and scows drawing three feet 
water cannot pass through from the Potomac to the Eastern Branch, the com- 
pany shall not collect toUs or wharfage, and all the rights under this act shall 
cease, unless the canal is completed within seven yeara from the passage of the 
act. 

Before the expiration of this seven yeara, and on the 6th of May, 1812, Con- 
gress authorized money to be raised by lottery for completing the canal, render- 
ing it navigable, and draining the marshes and low grounds contiguous thereto, 
and on the 7th of May, 1822, authority was granted by Congress to the dty of 
Washington to contract with the canal company to change the direction of parte 
of the (janal, to drain and dry the low grounds on the borders of Tiber creek. 
On the 20th of May, 1826, the canal company was authorized to increase the 
width of the canal along the present boundary of the Smithsonian grounds, and 
elsewhere, to 150 feet in width, and also to construct basins; ana within five 
years shall construct the canal through its whole length to contain water at least 
one foot in depth at ordinary low water. 

On the 2d of May, 1831^ the canal company sold all its interest to the city of 
Washington, which was conveyed by a deed dated the 23d of July, 1831 ; and 
on the 3l8t of May, 1832, Congress confirmed this sale, and enacted that all the 
right, title, interest, property, and estate of the Washington Canal Company are 
vested in the mayor, aldermen, and common council, for the aforesaid use, with 
the proviso, that the canal shall be finished and completed, of the breadth- and 
depth and in the manner and within the time hereinafter prescribed, and not 
otherwise. The act then prescribes the width at diflPerent parts, and then that 
the canal, throughout its whole length and breadth aforesaid, and the basins, shall 
have a depth of at least four feet water at aU timeSy and that the whole shall 
be walled on its sides, and made suitable for steam-vessels, to be used therein, 
and finished by the 1st of March, 1833, and in default, all the rights and privi- 
leges granted by this act shall cease and determine. No tolls or wharfage were 
allowed to be charged or collected whenever the canal was so out of repair as to 
impede the free navigation with four feet water. By the same act all the right, 
title, property, interest, and estate of the United States, of, in, and to that part 
of the public reservation designated as the mall, was vested in the city corpora- 
tion, in fee, to be sold, and the moneys applied to the construction of the canal. 
A street of 80 feet wide on the south side, in addition to the 40 feet landing, 
was also authorized, and previous specified acts, conflicting with this act, were 
repealed. 

On the 2d of March, 1833, Congress appropriated $150,000 to aid in fulfilling 
the objects and requirements of the act of 31st of May, 1832, provided the city 
corporation relinquished all title to the land vested in it by the 8th section of 
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the act, and all tbe jigbts and privileges granted by the Sth^ lOth, lltb, 12tb, 
13tb, and 14tb sections of said act. 

On tbe 3d of Marcb, 1849, Congress appropriated $30,000 for clearing out 
and deepening tbat portion of tbe canal wbicb passes tbron^b and alon^ tbe 
public groands, provided tbe city expends a like sum in cleaning out and deep- 
ening tbe otber portions. 

On tbe 3d of Marcb, 1851, Congress appropriated $20,000 for completing, 
clearing out, and repairing tbat portion of th^ canal wbicb passes tbrougb and 
along tbe public grounds, provided tbe city expends a like sum in clearing and 
repairing tbe otber portions. 

On tbe 23d of February, 1865, Congress autborized tbe city corporation tc 
lay taxes * * to introdace tbe necessary sewerage and drainage facUities undei 
or upon tbe wbole or any portion of any avenue, street, or alley. 

On tbe 16tb of February, 1866, a bill was reported in tbe House of Repre- 
sentatives creating a sewerage commission, witb power to improve and regulate 
tbe Wasbington city canal, as may be necessary ; and on tbe 6tb of Marcb an 
amendment to ihfi bill of tbe 16tb of February, 1866, was reported, limiting 
tbe number of commissioners to tbree, giving tbem power to adopt and lay down 
a complete and uniform plan of sewerage, as it may deem necessary and most 
advisable, witb reference to tbe public bealtb and general interest; tbe city to 
raise $150,000 to execute tbe work by contract, and tbe United States not to be 
responsible for an amount exceeding one-balf tbe outlay or expenses incurred 
under tbis act. Tbere was no furtber action on tbis bill or amendment. 

About tbe same time, to wit, on tbe 7tb of Marcb, 1866, tbe Senate of tbe 
United States passed a resolution requiring tbe appointment of a board of United 
States engineers, to report a plan for improving tbe canal and sewerage of tbe 
city. Tbis board, on tbe 2d of April, 1866, made a partial report for tbe tem- 
porary improvement of tbe canal, wbicb tbe city autborities adopted, and appro- 
priated $75,000 to carry into effect. 

Sncb is all tbe legislation on tbis subject tbe committee bas been enabled to 
find, up to tbe end of tbe year 1867 ; from wbicb it appears tbe United States 
granted to a company tbe rigbt to construct the canal in question, on certain 
conditions and for specified uses; tbat tbis company sold all its rigbts to tbe 
corporation of tbe city of Wasbington, and tbe United States approved tbe sale 
and transfer, granted additional rigbts, and exacted additional ^ilities, limiting 
tbe uses to navigation by steamers, barges, and scows over tbe wbole surface and 
lengtb of tbe canal and basins, from tbe Potomac to tbe Eastern Brancb. ISo 
authority is fouiid for converting tbe canal into a sewer or recipient for tbe sewer- 
age matter of tbe city, nor can tbe committee find tbat tbe pm-poses of tbe <sanal 
for navigation have ever been carried into full effect. It would furtber appear 
tbat tbe city can make no sale, transfer, disposition, or cbange of its rigbts, inter- 
ests in and uses of tbe canal, without the authority of the United States, and it 
may well be questioned whether or not tbe city bas lost all its rights in tbe pre- 
mises, by failing to mako the canal navigable, and usin^ it as a sewer and 
reservoir for tbe excreta from a large proportion of tbe population of tbe city. 

PEOPOSED ACTION. 

On tbe 6tb April, 186$, a bill was reported in tbe board of aldermen, grant- 
ing to certain citizens all tbe rigbts now held by tbe city in tbe canal for a tenq 
of 30 years. It proposes to grant, for tbe sole use and benefit of tbe partiei 
named, all the rights, &c., of the city to tbe canal, and all tbe rigbts conferred *y 
tbe United States, under tbe act of tbe 31st May, 1833. Tbe corporators areito 
.nanrow tbe existing canal, and deepen it to one foot at low toater, and MtA 
tbe same in June, 1873, and may collect tolls and dockage. Tbe company 'BUall 
extend all sewers now leading into said canal to tbe outer surface of tbcPOiQii 
8 s ^ 
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wall, and at no time interfere with the canal being nsed for sewecago. It was 
provided that this transfer, with the proposed modifications, be submitted to Con- 
gress for approval. 

The mayor of the city, in a communication to Congress of the 23d April, 1866, 
states that the condition Of the canal is each as to require an abatement of the 
nuisance caused by deposits from the sewers, while the bill now under considera- 
tion of the council greatly increases and prolongs this nuisance. 

The committee concurs m the opinion of ihe mayor of the city that the pro- 
posed grant .of the canal to a private corporation would be a grievous injury to 
the inhabitants of the city, and would defeat the much-desired object of both 
Confess and the community of secoring the health of the city. 

The committee learns from the mayor that it is proposed to extend the C)hes- 
apeake and Ohio canal from Georgetown, through the city, to the deep water 
along the Eastern Branch, with the view of establishing a shipping port for large 
vessels, and depot for the Cumberland coal, thus sharing with Georgetown and 
Alexandria the profits of this branch of industry. The project is one to which 
the committee should present no objection, provided it does not interfere with the 
general health of the city, or works necessary for promoting the health of the 
inhabitants. 

The committee considers that a canal for such a purpose, or any other, through 
this city, should not look down to tide-water until it has passed entirely through 
the city, and recommends that neither the existing canal, the proposed modifica- 
tions, nor transfer of the existing canal to any private corporation, be approved 
by Congress unless the subject of public health and sewerage be first provided 
for, and insured against all hindrance and interruption for all time to come, and 
that no sewage matter be allowed to enter ant/ open caoiol wiuxtever^ within the 
limits of the Pistrict of Columbia. 

ttTFLXIBNCB OF THE CANAL OK THE HEALTH OF THE POPtlLATION. 

At the present time the Washington city canal is an extended cesspool, the* 
bottom of which is below the level of low water, the surface varying with the 
slow and gradual rise and fall of the tide, without any current to act upon the 
bottom or of sufficient velocity to move insoluble ponderous matter that is 
received into it 

The sewage from the water-closets, kitchens, laundries, stables, cattle-pens, and 
street gutters is now received into this immense trap, there to remain, without 
power of any kind to fcarry it into the river or other place to protect the city 
against its pernicious efiects and influences. The existing sewers now enter this 
reservoir so mach below low water as to have caused one-half their entire height 
to be closed by deposit, and as a consequence filling every such sewer with 
poisonous matter into the city to the level of the intersection of the water in the 
canal with the inclined plane of the bottom of the sewer. This mass cannot be 
removed by any means now available. On the supposition that the canal re- 
ceives the sewage horn a population of only 30,000 of the inhabitants of the 
city, the estimated annual cubic mass that is thrown into the canal is not less 
than 300,000 cubic feet, or at the rate of 10 cubic feet per head per annum of 
solid and fiuid human excrement. 

This fecal matter has for some years past been accumulating in the canal, in 
proportion to the extent and number of sewers constructed from time to time, 
without any power of removal of the solid parts, and only a slight power for 
moving the fluid portions backwards and forwards, there being no continuous 
current to force even the fluid and soluble parts into the Potomac or Eastern 
Branch. 

From the experience of other cities, and the investigations of chemists and 
engineers, we learn that open sewers, as the canal in this city, evolve gases very 
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prejudicial to health. Observation has shown that the death Tate is much greater 
among the population along these open sewers than in streets removed but a 
short distance from them. 

The signs of animal life visible to the naked eye in small rivers after receiv- 
ing sewage matter consists of myriads of minute worms, characteristic of all 
sewage water, and may be regarded as the last remains of animal life which can 
survive in such a locality; and even these die off in summer. 

The putrescence of the organic liquids ftnd deposits in the open sewers and 
bottoms and beds of streams in all weathers, and the evolution of noxious gases 
therefrom, lead to the sensible contami nation of the surrounding atmosphere, and 
consequently decreases the purity and healthiness of the air, and the discharge 
of sewage matter into streams and small rivers pollutes the water by the mixture 
of much organic matter in a state of active putrescence. 

Analysis gives 15 to 80 grains per gallon of suspended matter, and from 35 
to 76 grains of dissolved matter, of the sewage of large towns. Of the former 
about 35 per centum is organic, and of the latter about 28 per centum. The 
organic matter consists of vegetable and animal fibre with a soluble extractive in 
a high state of decomposition. The organic constituents give off such an abund- 
ance of foul gases that they are a constant source of annoyance. These gases 
consist ol about 73 per centum of light carburetted hydrogen, 16 per centum of 
carbonic acid, 10 of nitrogen, and traces of sulphuretted hydrogen, ammonia, and 
a putrid, organic vapor that is in the highest degree offensive. 

Every gallon of sewage will discharge from Ij to 1 J cubic inches of this gas 
per hour, and the fennentation continues for weeks. Whenever this gas escapes 
from privies, cesspools, or sewers, it causes disease, and finally sets up a putrid 
form of fever which is exceedingly fatal. 

Every effort is made elsewhere to prevent the diffusion of these foetid gases 
into the houses and public ways, while in Washington we promote the evil to an 
incalculable extent and danger in that vast fermenting vat, the city canal. 

It follows that 'the sewage of largo populous cities and towns can only be con- 
ducted into large rivers near the sea, that they may not contaminate the atmo- 
sphere, and should never be dischai'ged into fresh-water streams used or requu'ed 
for man or beast. 

If conducted into closed harbors or bays, they create such a deadly pollution 
as soon to lead to the most alarming consequences. 

The magnitude of this evil, and the suddenness with which it may come upon 
us in its most fatal form, are exemplified by the experience of London. The 
coraraittee asks attention thereto, as fully illustrating the evil we have to com- 
bat in this city, and the necessity of prompt attention : 

*' On the introduction of the water-closet system in London, and the abolition 
of cesspools, with the increase of gas-works, the Thames began to give indica- 
tions of receiving a larger quantity of decomposing matter than it could purify 
or get rid of by the tide movement. In 1856 it became apparent in the summer 
months that the river emitted a disagreeable stench. This became still more 
exident in 1857, and was obviously dependent on the increased attention paid to 
the removal of all refuse from houses by the aid of drainage. In 1858 the stench 
appeared with increased intensity, and especially in the neighborhood of the new 
houses of parliament. Every one felt it was necessary to meet so gigantic an 
evil. The river hatl become one elongated cesspool, and the effect upon the 
teeming population of its banks might be in a short time of the most disastrous 
kind. In 1858 an act was passeil for preventing, as far as practical, the sewage 
from pas:?ing into the Thames within the metropolis, giving authority to expend 
three millions of pounds sterling to effect the object." 

This experience may very properly be received as a truthful representation 
of what is being done in this city, and the consequences. 

The specific gravity of sewage gases is lighter than that of the atmosghcFl 
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Generated in large volumes in tbo canal, and lower end of as well as in the sewers, 
it ascends the sowers to escape at every higher level, and ci-oates the pestilential 
influences heretofore referred to. We had some experience in this city in 1857, 
causing death and prolonged disease among the inmates of one of our hotels. 
Thus the deleterious gases ascend and the poisonous liquids descend, making the 
ventilation of the sewers as important as conveying away the solids and liquids 
to insure the health of the city. No system of cleansing sewers by manual labor 
is justifiable. 

Laborers employed in this disgusting business in the culveils for fluid excre- 
ments, as in the Paris system, are subject to two terrible diseases, both due to 
the deadly effluvium of faeces, the one caused by ammonia gas, creating distem- 
pers of the nose and eyes, and the second by sulphuretted hydrogen, nitrogen, 
and hydrosulphuretted ammonia, causinff sudden death. In the sewers for fluid 
and solid excrementa, as in London and Washington city, the effects are oven 
more fatal. In the report of the engineer relating to the London sewers, it is 
stated that he witnessed several cases of death, and others in which men were 
taken out insensible, after onlv a few seconds' exposure. In Wanvick street, 
Pimlico, five men were killed, in 1852, by this gaseous sewage. Three of them 
had gone into the sower early in the morning, and, not retmuing for breakfast, 
alarm was felt for their safety. A surgeon entered the sewer and was killed on 
the spot. A young policeman followed and was struck dead in a few minutes. 
On examination after death it was shown that he could not have made more than 
two respirations before death after entering the sewer. On making an opening 
from the street into the sewers to get the bodies of these men, the gases as they 
escaped were set fire to by a match and burnt with a yellow flame, rising twenty 
feet. Within three months of the date of the engineer's report three more lives 
were lost near Whitechapel by breathing sewage gases as it escaped from an 
opening made into another sewer. 

It is now a well-established fact, deduced from the medical statistics of the 
English armies in India, and of our army in its marches during the past two 
years, that cholera is propagated mainly by atmospheres contammated and poi- 
soned by the excrement of cholera patients. 

In this city the canal would be the reservoir for such matter, first to be con- 
taminated by travellers from infected districts, sojourning temporarily at the hotels, 
all the sewers from which now or are hereafter to empty in the canal. 

The committee is of the opinion that the canal, as it now exists, is a great cause 
f^)r creating and propagating disease, and should at the earliest possible moment 
be filled up and discontinued for use as a sewer and reservoir for excrement and 
waste watere of kitchens, water-closets, laundries, and other sources of contam- 
inating matter, and is also of the opinion that, if the proposition of granting the 
city rights to this canal be confirmed, the evils herein set forth cannot bo effi- 
ciently corrected "by any means left in the power of the public authorities with- 
out incurring a heavy expenditure to purchase rights and property now proposed 
to be given away. 

It is proper to state that part of this system of sewage, and, it is believed, the 
commencement of making the canal a reservoir and cesspool, was made under 
appropriations of Congress for building sewers from the Capitol and the execu- 
tive buildings from Fifteenth to Seventeenth streets. 

BEMBDIES FOR THE EXISTING EVILS. 

The committee has pointed out the probable evil consequences of our existing 
system of sewage, as a result of using the canal as a cesspool and reservoir for 
the fecal matter, from whence it cannot be removed by any existing means. It 
has also shown that the air and water from the canal are contaminated by the 
sewerage of the city, and produce fatal diseases tending to virulent epidenucs, 
and that the canal is neither fit for navigation, sewerage, .or di-ainagoj A^A^rrP^ 
sent form and dimensions. , jiOOglC 
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It remains for the committee to propose some method by wluch these evils may 
be remedied. 

The old, thickly populated cities and towns of Europe have been compelled, 
for self-preservation, to expend millions of money, and adopted a variety of sys- 
tems to remove excrement from the limits of their abodes. 

The systems last adopted for Paris and London, at an immense outlay, give in 
general the main reliable features of the most acceptable plans. 

In Paris metallic vessels for every family are so arranged that the solid faeces 
are separated from the urine. The latter passes into street sewers of large 
dimensions, conducting it, with the snrfiace drainage from the streets, into the 
Seine, ^and the solids are removed from the dwellings by scavengers with carts, 
and conveyed some miles from Paris, where it is converted into dry poudrette and 
sold for manure. No less than 278,000 cubic metres of these solid excrementa 
were collected from the tenements in Paris and removed to La Viletto for con- 
version into fertilizing matters in one year. 

In London a system commenced in 1859 of sewers at different levels, running 
parallel with the Thames, receives all the house and street drainage, both solid 
and fluid, and conducts the same, miles below the city, into the river, to find its 
way to the sea. These longitudinal sewers dmin the entire city surface of 117 
square miles, and are together 82 miles in length. Their fall does not exceed 
two feet per mile, and are carried over rivers, railways, roads, and streets, by 
wrought-iron aqueducts. Of the surface thus drained 25^ square miles are below 
the level of high water, and drained by a sewer of 10 miles in length. A part 
of the sewerage, or 14 J miles of this surface, has to be pumped up 17 J feet to 
discharge it into the Thames j and at what is called the Abbey Mills Station, the 
whole mass of sewage is pumped up 36 feet to the level of the outfall sewer. 
This system is peculiar in having culverts parallel with the river, to receive the 
sewage at high levels as far as practicable, and not allow it to fall into basins or 
valleys below the river surface, and by steam pumps raising all the sewage mat- 
ter from surfaces below the river level into the main drains leading to the river. 

Another system is advocated, by which all the excrementa is received from the 
water-closets, both solid and fluid, into small boxes in the streets, from whence 
it is drawn by pneumatic portable engines into tight baiTels, and thence in its 
liquid state distributed in drills underground by ploughs, as a manure for the sur- 
rounding country. It is claimed to be the only efiectual way of removing this 
oflTensive matter and preserving the whole of it for manuring the soil. 

With subsoil ploughing, rotation of crops, lime, marl, gieen sand, barn-yard 
manure, guano, and other fertilizers, the use of sewage matter is not likely to be 
acceptable to onr agriculturists, and no demand will probably exist sufficient to 
absorb the quantities that by this system must be daily disposed of in summer 
and winter. 

The committee has come to the conclusion that we must construct the sewers 
of the city of Washington on levels above high water, and conduct them to dis- 
charge their contents in the strong ebb current of the Potomac river at high watery 
that the entiro accumulation of twelve hours may have six hours of ebb tide to 
carry it towards the Gbesapeake, which, with the annual freshets and constant 
flow of the Potomac, will always carry it beyond the distance it can be brought 
back by the flood. 

It is indispensable the outlet of these rajun sewers should be hdow the Long 
bridge, (and as distant as practicable,) otherwise all the solid matter would accu- 
mulate on the shoals between this bridge and Georgetown, and in time create as 
great an evil as the canal. 

To effect this object all the main sewers must be carried across the site of the 
present canal on closed aqueducts or causeways, at the most advantageous levels 
above high water, and thence under the grounds south of the canal, to suitable 
places on the bank of the river, where closed and covered roservoirs may be con 
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Btructed to retain the sewage nntil the ebb-tide makes, when gates or valves will 
be opened to allow it to escape into the river, under the water surface, using the 
waters of Rock creek and the Tiber to cleanse them. 

The present canal should then cease to be used for anyother purpose than as 
an escape for the waters of the Tiber during extraordinary freshets, and for such 
surface drainage as cannot be carried across it into the sewers leading to the 
Potomac, and to this end must be filled up and reduced in size and form to an 
arched culvert. The proposed canal for commercial purposes, with an outlet in 
the Eastern Branch, should, in like manner, be carried over the valley of the 
present canal on an aqueduct or causeway, and then through or along the high 
ground to the Eastern Branch. 

We have found that the canal is not useful for navigation. A railroad over 
the same ground, extended along the river front, with turn-outs and sidings to 
warehouses and depots, free to every owner of a car, would better subserve the 
public welfare, it is believed, than any water transportation that can be derived 
from the existing or other canal. Such a road for heavy traffic, with a well- 
constructed paved street for light vehicles, and a paved walk along the south side, 
adjacent to the public reservations, connecting the Capitol, botanic garden, Smith- 
sonian, agricultural, and Washington monument grounds with the grounds about 
the President's house, would insure greater health, promote public convenience, 
and greatly enhance the value of property now separated from the settled portions 
of the city by an impassable barrier. These are additional considerations for 
using the site of the existing canal as a covered drain or culvert for surface water 
only. 

The committee has confined itself to pointing out the evil e£Pects of the exist- 
ing sewerage, the necessity for immediate correction, and a general plan therefor, 
leaving it ^r the talent and genius of the most experienced enmneers to select 
the most advantageous sites for the outlets of the sewers, at the most distant 
points from dense population, and mati^e the details of a project for carrying this 
system into effect. 

All of which is respectfully submitted by 

RICHARD DELAFIELD, 

For the (Committee qf the Begents. 
RICHARD WALLACH, Mayor. 
RICHARD DELAFIELD, U. S. Army. 
PETER PARKER, M. D. 

Washington, D. C, May 15, 1868. 



After discussion,and the unanimous expression of opinion that the canal was 
a nuisance which should speedily be abated, on motion of Mr. Pruyn the fol- 
lowing resolution was adopted : 

" liesdvedj That the report of the executive committee be accepted, and that 
the committee be authorized, in their discretion, to unite with the corporate 
authorities of Washington in a memorial to Congress for such relief as may 
eventually lead to an abatement of the nuisance complained of.'' 

On motion of General Delafield, it was 

^^Besolvedj That the vacancy in the executive committee be filled by the 
election of Rev. Dr. John Maclean." 

Professor Henry presented his annual report of the operations of the Institution 
during the year 1868, which was read, accepted, and ordered to be presented to 
Congress. 

On motion of Greneral Garfield, it was 

" JResolved, That the regents renew their application to Congress to increase 
the annual appropriation for the care of the government collections to $10,000.'' 

The board adjourned, to meet at the call of the seoretarjr. .^.^^^ ^ GoOqIc 



GENEEAL APPENDIX 



TO THE 



REPORT FOR 1868. 



Digitized by VjOOQIC 



The object of this appendix is to iUnstrate the operations of the Institntioi^ 
by reports of lectares and extracts &om correspondence; as well as to famish 
information of a character suited especially to the meteorological observers and 
other persons interested in the promotion of knowledge. 
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MEMOIR OF CUVIER: 



By M. Flourens. 



Translated/or the Smithsonian Institution by C. A. Alexander.^ 

When a nation loses one of those men whose sole name wonld snffioe for its 
own glory and that of an epoch, the grief which it feels is so profound that 
voices are raised on all sides to deplore the common calamity. There is a general 
emulation to pour forth the public regret at their tomb ; a universal impulse to 
make known all that canbeleamedrespecting lives so illustrious and so honorable 
to humanity. 

So it should have been, and so in. effect it has been in regard to M. Guvier. Men 
of science, men of letters, whole Academies, indeed, have already published 
accounts of his life and person, and it would be too late to-day for the Academy 
of Sciences to say anything new of the ^eat man whom it has lost. But, among 
the labors on which rests nis renown, there are such as pertain more specially 
to this Academy, and the study of which is far from being exhausted. I allude to 
the progress which the natural sciences owe to M. Cuvier, a progress which has 
renovated all those sciences, and which has so greatly extended Uiem that it has 
in reality extended, through them, the reach of the human mind and the domain 
of genius. 

In M. Cuvier, therefore, I consider here only the savant, and even in the savant 
shall, above all, consider the naturalist. Fontenelle said, in his account of 
Leibnitz, that he had been obliged, in some sort, to divide and decompose that 
great man ; and that quite the contrary of antiquity, which had made one Hercules 
out of many, he had made of Leibnitz alone, many savants. So it is necessary 
to decompose M. Cuvier, if we would at all measure his genius; this great intel- 
lect which, like that of Leibnitz, " conducted all the sciences abreast," and which,' 
not restricting itself to the sciences, diffused its light on the highest institutions 
of the state, requires, in order to be properly comprehended, as many 'separate 
discussions as it has manifested different capacities. I repeat, therefore, that I 
here consider in M. Cuvier only the naturalist j but even so, my task will be 
immense, and, in venturing to approach it, I need all the indulgence of those 
to whom I address myself. 

The history of M. Cuvier, if we recall all that the natuiid sciences owe to 
him, is scarcely less in fact than the history of those sciences in the earlier part 
of the nineteenth centary. The eighteenth had aheady communicated to them 
a rapid movement in advance. Two individuals, Linnaeus and Bnffon, had espe- 
cially co-operated in producing this movement ; and although endowed other- 
wise with very different qualities, it is to be remarked, nevertneless, that it was 
from the same cause that both had failed in their aim. Those phenomena, in 
effect, those beings, those facts, which the comprehensive genius of Linnaeus 
sought to distinguish and to classify ; those facts which the soaring genius of 
Bunon sought to combine and to explain, were not yet sufficiently known in 
their iniimate nature to supply either their true classification or their real explana- 
tion. 

The primary m^t of M. Cuvier, and it was by this merit that he communi- 
cated from the first a new life to the natural sciences, was the distinct perception 

* Bead before the Academy of ScicDces, 29th Docomber, 1834^ ^ 
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that the classification as well as explanation of facts could be founded only on 
their inmost nature thoroughly underetood. In a word, arid taking into view 
only the natural history of animals, that branch of natural history in general 
which M. Cuvier has most directly elucidated by his labors, it is evident that 
what had been wanting to Linnaeus and to Buffon, whether for the classification 
of animals or for the proper explanation of then: phenomena, was the adequate 
knowledge of their internal structure or organization ; and it is not less evident 
that the laws of all classification, as of the whole natural philosophy of these 
beings, could spring only from the laws of that organization itself. 

It will presently be seen that it was by the assiduous study of these fruitful 
laws that M. Cuvier renovated in succession zoology and comparative anatomy ; 
that he renovated them one by means of the other j and that he founded on both 
the science of fossil animals — a science altogether new, wholly due to his genius,- 
and which has thrown light in its turn on the science of the earth itself. But 
before we come to these last and astonishing results, the fruits of so many grand 
conceptions and so many unexpected discoveries, let us first see what he has 
done in particular for each of the sciences just mentioned, in order that we may 
afterward be better able to comprehend ^nd embrace in a general view what he 
has done for all. I commence with zoology. • , 

Linnseus, who of all the naturalists of the eighteenth century had exerted the . 
most general influence on the human mind, particularly in point of method, 
divided the animal kingdom into six classes : quadrupedSj birds, reptUeSj fishes, 
insects, and worms. In this Linnaeus committed a first general error, for in 
placing in the same line these six primitive divisions, he assumed that an equal 
intervad separated them one from another ; than which nothing could be less 
exact. On the other hand, almost all these classes, especially the last, at one 
time separate animals the most nearly related, at another unite those which are 
most incongruous. In a word, classification, which has no other end but to 
mark the true relations of beings, in this instance almost everywhere severed 
those relations ; and that instrument of method which only serves the under- 
atanding in so far as it conveys just ideas of things, communicated to it, nearly 
throughout, only false ideas. 

This whole classification of Linnaeus was, therefore, to be recast, and nearly 
the entire fmmework of the science to be reconstructed. Now, to attain this 
end, it was first necessary to found the classification on organization, for it is 
organization alone which gives the true relations ; in other terms, it was neces- 
sary to found zoology on anatomy ; it was next necessary to introduce into the 
method itself views more just and elevated than had been previously applied. 
It was, in effect, these elevated views as regards method, these profound studies 
on organization, which shone forth in the first labors of M. Cuvier : potent 
resources, by means of which he succeeded in effecting successively the reform 
of all the bi-anches of zoology, one after the other, and in finally renovating in 
its whole extent that vast and grand science. 

I have said that it was chiefly in the class vertnes of Linnaeus that disorder 
and confusion prevailed. He had thrown into it all animals with white blood — 
that is to say, more than half the animal kingdom. It was in the first of his 
memoii-s, published in 1795, that M. Cuvier pointed out the great difference of 
the beings till then confounded under this vague name of white-blooded animals, 
and that he separated them with precision from one another, first into three great 
classes : Mdliisks, which, like the poulp, the cuttle-fish, the oyster, have a heart, 
a complete vascular system, and respire by means of branchiae or gills ; insects, 
which have, in place of a heart, only a simple doi*sal vessel, and respire by 
tracheae ; and, lastly, zoophytes — ^animals whose structure is so simple as to have 
gained them this name, signifying animal plants, and which Have neither heart, 
nor vessels, nor distinct organ of respimtion. By subsequently forming three 
other classes — vennes, crusiacea, echinodermatar'-'sH the animals with wldte 
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blood are found to be distributed iuto six classes : moUuskSj crustaceanSj insects^ 
worms. ecJiinoderms, and zoophytes. 

Everything was new in this distribution ; but everything was at the same time 
fio evident th^t it was generally adopted, iand thenceforward the animal kingdom 
assumed a new face. Moreover, the precision of the characters on which each 
of these classes was founded, the perfect conformity of the beings which werfe 
assembled under each of them, could not but prove convincing to naturalists; 
and what doubtless appeared to them not less worthy of admiration than these 
direct and immediate results, was the sudden light which thereby broke on the 
highest points of the science— the grand ideas on the subordination of the organs 
and on the office of this subordination in their employment as characters — those 
great laws of the animal organization thus and so early apprehended : that all 
animals with white blood which have a heart have also branchiae or a circum> 
scribed respiratory organ; that all those which have no heart have only a 
trachea ; that wherever the heart and the branchise exist, the liver exists ; that 
wherever they are wanting the liver is wanting.* 

Assuredly, no one had «is yet thrown a glance so comprehensive, so penetrat- 
ing on the general laws of the organizatjon of animals, and it was easy to fore- 
see that if he should pursue the investigation of those laws with anything like 
the same continuity, Cuvier, whoso first views had imparted to science so brilliant 
an impulse, would not be long in extending its boundaries in every direction. 
He has often recalled since, and even in his last works, this first memoir, from 
which, in truth, date the germs both of the grand renovation which he effected 
in zoology and of the greater part of his most fundamental ideas in comparative 
anatomy. 

Never, indeed, had the domain of a science been so rapidly augmented. With 
the exception of Aristotle, whose philosophic genius had neglected no part of 
the animal kingdom, scarcely had any one studied, at any epoch, more than the 
vertebrate animals alone, at least in a general and thorough manner. The awi- 
tnals mth tchite bloody or, as M. Lamarck has since called them, tJie animals with- 
out vertebreBj formed in some sort a new animal kingdom, almost unknown to 
naturalists, and of which M. Cuvier had at once revealed to them as well the 
different plans of structure as the particular laws to which each of these plans 
is subjected. All these animalsr— so numerous, so varied in their forms, and the 
knowledge of which has since so greatly extended the basis of general physi- 
ology and natural philosophy — were then of scarcely any account to the physi- 
ologist and the philosopher ; and even long after these great labors of M. Cuvier 
of which I speak, how many systems have we not seen which, pretending to 
embrace under one sole point of view the entire animal kingdom, have embraced 
in reality only the vertebrata t So vast was the new route which he had traced 
for naturalists, and so difficult was it found to follow him therein, on account of 
its very vastness. 

In this first memoir, then, M. Cuvier had succeeded in finally establishing the 
true division of animals with white blood. In a second, taking up specially 
one of their classes, that of the mollusks, he laid the foundations of his great 
work on those animals — a labor which occupied him for so many years, and 
which has produced an assemblage of results the most surprising, perhaps, and 
at least the most essentially new of all modem zoology, as of all modem com- 
parative anatomy. 

Till then there had been no example of an anatomy so exact and bearing on 
so great a number of fine and delicate paits. Daubenton, that model of precis- 
ion and exactness, had scarcely described with equal detail more than the skele- 
ton and the viscera of quadmpeds ; hero there was the same attention and a 

* By the liver I mean a massive and compact or^n, a conglomerate gland ; iu insects the 
secretions in effect are accomplished simply by tabes very long and slender, which float in 
the interior of the body and are fixed only by the troches. ^^ ^^^T^ 
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still more eminent degree of sagacity of observation transfeited to all the parta 
of the animal — ^to its muscles, its vessels, its nerves, its organs of sense. 8 warn- 
merdam, and Pallas,* who had embraced all the parts of the animal in their anatom- 
izations, had confined these to cei*tain species ; in another genus Lyonnet had 
confined himself to a single one j in the. case of Cuvier there was an entire class 
of. animals, and of all animals the class least known, of which almost all the 
species were described and all the details, even the most delicate and obscure, 
of their structure were brought to light and developed. 

The mollvLsks haVo all a heart, as already said ; some,, however, have but a 
single one, like the oyster and snail ; others have two j others again, like the 
poulp and cuttle-fish, have as many as three distinct hearts. And yet it was 
^vith these animals whose organization is so rich, which have a brain, nerves, 
organs of sense and of secretion, that it had been the custom to confound others, 
which,' like the zoophytes and polypes, for example, have for their whole organi- 
zation only an almost homogeneous pulp; 

The experiments of Trembley have rendered famous the polypus of fresh 
water, that animal which puts forth buds like a plant, and each part of which, 
separated from the others, forms a nej? and complete individual. The whole 
structure of this singular zoophyte reduces itself to a sac — ^that is to say, to a 
mouth and stomach. M. Cuvier has made known another zoophyte,t whose 
structure presents something still more surprising, for it has not even a mouth ; 
it is nourished by means of ramified suckers, like plauts, and its internal cavity 
serves by turns as a stomach and sort of hearj, for vessels enter it which con- 
duct to it the nutritive juices, and other vessels issue from it which convey these 
juices to the members. 

One* of the most curious problems of the physiology of whiieAAooded animals 
which has been resolved by M. Cuvier is that of the nutrition of insects. Insects, 
as has been already said, have, in place of a heart, only a simple dorsal vessel ; 
and, moreover, this dorsal vessel has no branch, no ramification, no particular 
vessel which either enters or issues from it. This was already known throui^h 
the celebrated researches of Malpighi, Swammerdam, and Lyonnet. But M. 
Cuvier goes much further ; he examines, one after the other, all the parts of the 
bodies of insects, and by this detailed examination he shows that no sanguineous 
vessel, or, what amounts to the same thing, no circulation, exists in these ani- 
mals. How, then, is their nutrition effected! 

M. Cuvier begins by remarking that the final object of the circulation is to 
conduct the blood to the air. Hence all animals which have a heart have a cir- 
cumscribed respiratory organ, whether lungs or branchiae, and the blood returned 
from the members to the heart is invariably constrained to traverse this organ, 
. in order to be there subjected to the action of the air before returning to the 
members. But in insects the apparatus of respiration is wholly diflPerent. It is 
no longer a circumscribed organ which receives the air; it is an immense num- 
ber of elastic vessels, called trachecCj which convey it into all parts of the body, 
and which thus conduct it even to the nutritive fluid itself, which continuaJly 
bathes those parts. In a word, while in other animals it is the nutritive fluid 
which by means of the circulation goes in search of the air, the phenomenon is 
reversed in insects, anc^ it is the air, on the contrary', which goes to seek the 
nutritive fluid, and thereby rendere all circulation useless.| 

Another discovery of M. Cuvier, not less important, is that of the circulatory 
apparatus of certain warms, such as the earth-worm and leech, which had until 

then been confounded with those eaophytes of a structure incomparably more 

II. 1 

* Poll had also preceded him in the anatomy of soyeral molluscs, but of multivalve and 
hivaive molluscs only. 

t Name] J, the blue rhizostome. 

t We are speaking here only of perfect insects. Since the researches of M. Cuvier which 
I have at present in view, M. Carus has discovered in certain larvee a sort of circulation, or 
rather a movement of the blood, which movement, however, is not effected in vessels proper. 
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simple, which live only in the interior of other animals.* By a remarkable dn- 
golarity the blood of these worms, with a circulatory apparatus,! is red : a new 
circumstance to show how inexact and vague was the denomination of animals 
with white blood, given till then, in a general manner, to animals without 
vertebrae. ' 

By means of these admirable investigations M. Cuvier, it will be seen, had 
fixed the limits of the class of moUmks} he had determined that of the vermes 
with red hhody he had completely separated both from that of the zoophytes ; 
finally, he had marked the true place of the zoophytes themselves, thenceforth 
consigned to the extreme limit of the animal kingdom. But a principle which 
he had employed in all these researches must needs lead him still further. This 
principle is that of the subordination of organs or of characters. 

Method should not limit itself, in effect, to representing indistinctly the rela- 
tions of structure ; it ought to mark, besides, the particular order of these relations 
and the relative importance of each, and it is precisely to this end that the prin- 
ciple of the subordination of organs serves. Bernard and Laurent de Jussieu 
had already applied this principle, as fruitful as it is infallible, to botany, but 
the zoologists had not yet ventured to Aake the . application of it to their own 
science, determined, no doubt, by the gieat number and complication of the 
organs which constitute the animal body, and which, for the most part, are 
wanting in vegetables. 

The principle of subordination of organs could only be introduced into zoology 
when preceded by anatomy. The first step to be taken was to know the organs ; 
the determination of their relative impoi-tance could be only the second. These 
two steps accomplished, there remained only to found the characters on the 
organs, and to subordinate these characters one to the other, as the organs are 
subordinated among themselves. Such was properly the object of the Animal 
Kingdom distributed according to its organization, (Kegne Animal, dx,,J that 
gieat work in which the new zoological doctrine. of the illustrious author is dis- 
played as at length reproduced in all its entirene«s and co-ordiuated*in all its 
parts. 

Dating from this work the art of methods has assumed a new face. Linnaeus, 
as is well known, had seen in this art only a means of distinguishing species. 
M. Cuvier was the first who undertook to make method the very instrument of 
the generalization of facts. Method, viewed in itself, is for him only the sub- 
ordination of propositions, of truths, of facts, one to another, according to the 
order of their generality. Applied to the animal world, it is the subordination 
of groups among themselves, according to the relative importance of the organs 
which constitute the distinctive characters of those groups. Now, the most 
important organs are also those which involve the most general resemblances. 
Whence it follows that infounding the inferior groups on the subordinate organs, 
and the superior groups on the dominating organs, the superior groups \y\\1 
always necessarily comprise the inferior, or, in other terms, it will always bo 
practicable to pass from one to the other by progressive propositions, becoming 
more and more general in proportion as we ascend from the inferior groups 
towards the superior. 

Method, therefore, properly considered, is but the generalized expression of 
science ; it is science itself, but science reduced to its most simple expressions ; 
it is still more : this linking together of facts according to their analogies, this 
linking together of analogies according to their degree of comprehensiveness, is 
not limited to the representation of known relations ; it brings to light a multitude 
of new relations, contained one in another ; it disengages them from one another ; 
it thus gives new forces to the understanding for perceiving and discovering ; it 
creates for the mind new processes of logic. 

* Namely the intestioal worms, that class of zoophytes which, for tho mosy^art, can ouly 
lire apd propaffato in the interior of the bodies of other aoimals. ^-^^^^^ ^ (^qC 
t norms wilh red blood of Cuvier: antutidoM of Lamarck. <^ 
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Hitherto M. Cavier had seen, in each of these grand classes of invertebrate 
animals, moUuskSj insects and zoophytes^ only a gronp like each of the four 
classes of vertebrate animals, quadrupcdSj birds, reptiles and fishes. It was 
because he had as yet considered only the organs of circulation. 

In considering the nervous system, which is a much more important organ, he 
saw that each of the three great classes of animals without vertebrffi corresponded 
or was equivalent not to such or such a class of vertebrate animals taken sepa- 
rately, but to all these vertebrate animals taken together. A first form of the 
nervous system unites all these vertebrate animals in a single group ; a second 
form unites all the mollusks ; a third unites the insects to the worms with red 
blood, and both to the Crustacea, constituting the gronp of articulata ; a fourth 
form, finally, unites all the zoophytes. There are thus four plans, four types in 
the animal kingdom, four embrancliements, as M. Cuvier calls them ; or, in plainer 
terms, and divested of everything vague, there are four general forms of the 
nervous system in animals. 

In the sciences of observation and experiment the supreme art of genius is to 
transform questions from simple questions of reasoning into questions of fact. 
For more than a century the question had been debated whether, in animals, 
there was but one plan of organization, or whether there were several. This 
question, couched till then in terms so vague, is transformed by M. Cuvier into 
this other question, positive and to the point, namely, how many distinct forms 
are there of the nei*voas system in animals? Now, as I have just said, there are 
four — one for the vertchrata, one for the nwlluscaj one for the articulatay one for 
the zoophyta; these four plans or types comprising the whole animal kingdom. 

Such is the light thrown upon the animal kingdom by the great work under 
consideration that, guided by this, the mind is enabled precisely to apprehend 
the different orders of relation which connect animals with one another ; the 
relations of confoi-mity fd^cnscmhlej which constitute the unity, the character of 
the kingdom ; the relations more or less general which constitute the unity of 
the embranchements, of the classes ; the more particular relations which constitute 
the unity of the orders, of the genera. 

Nevertheless, this work of so vast a scope, of such immense detail, was not 
yet what M. Cuvier would have wished. It is the property of genius always to 
s<;e something beyond and better than all that it has done. And, indeed, though 
all the species had been reviewed in this great work, the greater part of them 
had been scarcely more than indicated ; it was, therefore, only an abiidged, not 
a complete system of animals. Now, the idea of a complete system of animals, 
a system in which all the species should be not only indicated, distinguished, 
classified, but i*epresented and described in tli^ir whole structure, was one of 
those with which M. Cuvier was most constantly occupied. Hence, scarcely 
was this great ti*eatise on the animal kingdom terminated, when another was 
already commenced, and on a plan not less vast. I mean the " Natuml History 
of Fishes," (Histoire naturellc dcs poissonsj the first volume of which appeared 
in 1828. 

After having effected, in the earlier of these two works, the complete reform 
of tlie system of animals, what he had wished in the second was to show, by a 
detailed and thorough exposition of all the known species of a class, what could be 
done for all other species and all other classes. With this view he had chosen 
the class of fislics as being, among all those of the vertebrata, the most numerous, 
the least kuow7i, and that most enriched by the recent discoveries of travellers. 
The latest authoi*s of note in ichthyology, Bloch and Lac^piide, were scarcely 
acquainted with so many species of fish as 1,400 ; in the work of M. Cuvier 
the number of species would have amounted to more than 5,000 ; the entire 
work would have included not less than 20 volumes, all the materials were placed 
in order, and the nine volumes which made their apjiearance in less than six 
years fully attest the wonderful rapidity with which it was intended that this 
vast undertaking should proceed *^ 
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Pressed by want of time I must deny myself all details on this work, so 
astonishing for its extent, and yet still more astonishing for that profound art in 
the formation of genera and families, of which the author seems to havedelighted 
to unveil the most hidden secrets, and for that science of characters which no 
one ever possessed in an equal degree; results of experience and fruits of a 
genius arrived at its full maturity.* 

Such is the assemblage of great labors by which M. Cuvier has renovated 
zoology ; but a reform still more important, and of which that is in reality but 
the consequence, is what he had already effected, or was at the same time effecting 
in comparative anatomy. It is impossible to speak of the progress which this 
science owed to the researches of M. Cuvier without profound respect and even 
grateful acknowledgment ; he himself regarded this branch of investigation, and 
with justice, as the regulator of all those which relate to organized beings, and 
death surprised him still meditating that great work which ne had consecrated 
to it, and in which, collecting anew all its forces, his vast genius would have 
undoubtedly appeared in all its grandeur. But though this work remained 
unaccomplished, its principal elements subsist, as they are scattered in various 
memoirs, especially in his Le^-ons d^anatomie comparee and his Hecherches sur Us 
ossements fossUeSy immortal labors which have communicated to comparative 
anatomy such an impulsion that, after having been so long the most neglected 
of the branches of natural history, it has suddenly outstripped and taken the lead 
of all of them. 

The history of comparative anatomy counts three epochs clearly marked — 
the epoch of Aristotle, that of Claude Perrault, and that of Cuvier. Every 
one knows with how much genius the foundations of the science were laid by 
Aristotle among the ancients. But what is not as well known, though not less 
worthy of being so, is the force of intellect with which Claude Perrault, at the 
middle of the seventeenth century, undertook the reconstruction of the entire 
science from its very base — that is to say, from the considemtion of particular 
facts. His descriptions are the first assured step taken by comparative anatomy 
in modem times. Daubenton advanced it still another, for he rendered those 
descriptions comparable. Vicq-d'Azyr went yet further. Rich through the 
labors of Daubenton, of Haller, of Hunter, of Monro, of Camper, of Pallas, 
Vicq-d'Azyr embraced comparative anatomy in its completeness j he brought to it 
that penetrating genius which sees in science the end to be attained, and that 
spirit of sequence which attains it ; and by no one more than by him was that 
great reform promoted which M. Cuvier finally achieved for the science in question. 

It was certainly fortunate for this science to have passed immediately from the 
hands of one of these two eminent men into the hands of the other. Yicq-d'Azyr 
had thrown on it the glance of the physiologist; M. Cuvier threw on it more 
particularly that of the zoologist, and we may concede that it had an equal 
need of being considered under both these points of view. It may well be 
thought that its reform would not have been so complete and its influence so 
general except that, having been by turns studied and adapted with a view both 
to zoology and physiology, it has become alike for both the guide and the lumi- 
nary. 

However this may be, comparative anatomy was still but a collection of par- 
ticular facts touching the structure of animals, when M. Cuvier transformed it 
into the science of the general laws of the animal organization. After having 
transformed, as we have seen, the zoological method from being a simple nomen- 
clature into an instrument of generalization, he now proceeded to dispose the facts 
in comparative anatomy in such an order that, from their simple collocation, have 
proceeded so many admirable and progressively ascending laws ; as, for example, 
that each kind of organ has its fixed and detidrmined modifications ; that a con- 

* See, respecting this work, the developments which I present in my Histoirt de$ Travmux 
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stont relation connects all modifications of the organism witli one another ; that 
certain organs exert on the collective animal economy a more marked and 
decisive influence, whence the law of their subordination ; that certain facts of 
organization necessarily involve the presence of each other, while there are such, 
on the contrary, as are incompatible and exclusive, one of the other, whence the 
law of their correlation or coexistence; besides so many other laws, so many 
other general relations, which have, in the end, created and developed the 
philosophic part of the science. 

Among so many discoveries, so many particular facts with which he has 
enriched that science, I must necessarily confine myself to a citation of the most 
prominent, and still the catalogue of even these will be for from complete. The 
researches of Hunter and of 1 enon had already aflbrded valuable contributions 
to the theory of the development of the teeth ; it was Cuvier who carried this theory 
to a perfection beyond which there can be little to desire. Those little bones 
which we call teeth appear at first glance to be very simple, and scarcely to 
merit the attention of the observer. These little bodies, however, are very 
complex ; they possess secretory organs, as their germ, their proper membrane ; 
secreted, substances, such as their enamel, their ivory ; and each of these sub-* 
stances appears in its turn, each at a fixed epoch. They spring up, are devel- 
oped, push forth their roots, die, fall, and aye replaced by others with admirable 
order and regularity. Nor is it less admirable, though under another point of 
view, that all the circumstances of their organization and development are to- 
day rigorously* demonstrated. It was chiefly through a study of the teeth of 
the elephant, where everything is seen on a large scale, that M. Cuvier succeeded 
in establishing the precise epoch at which each part of the tooth is formed, and 
by what mechanism it is formed ; how each of these parts, having performed its 
function of productive organ, disappears ; how the entire tooth disappears in its 
turn to ^ve place to another, which will also have itp development, both in the 
whole and in detail, its point of complete organization, and its decay and its fall. 

Perrault, Herissant, Vicq-d'Azyr, had, before Cuvier, distinguished some points 
in the structure of the vocal organs of birds ; he has made that strnctm*e known 
in a general manner and by detailed comparisons. It was he also who first 
placed in a clear light the singular arrangement of the organ of hearing, and 
still more singular arrangement of the nfi^fossce in the cetaceous tribes. 

Every one knows the marvellous metamorphosis experienced by the frog in 
passing from the state of foetus or tadpole to the adult state. It is known that 
after having respired, in the first case, by gills, like the fishes, it respires, in the 
second, by lungs, like the terrestrial animals. M. Cuvier has taught us the 
structure of the organs of respiration and of circulation in a species of reptiles, 
which presents something still more curious. The frog is by turns a fish in its 
first stage, and a reptile in it€ second. These new reptiles, still more singular, 
such as the proteus, the axolotl, the siren, are all their life reptiles and fish ; 
have all the time both branchke or gills and lungs, and can hence breathe alter- 
nately in the air and in water. 

M. Cuvier again was the first to give a connected comparison of the brain in 
the four classes of vertebrate animals ; the first to point out the relations of the 
development of that organ with the development of intelligence, a branch of 
comparative anatomy which has since become so fruitful and extensive j the first, 
in fine, to deduce in a rigorous manner from the respective quantity of respira- 
tion of these animals, not only the degree of their natural heat, but that of all 
their other faculties, their force of movement, their subtility of perception, their 
rapidity of digestion. 

But the most novel and brilliant application which he has made of compara- 
tive anatomy, is that which relates to fossil bones. Every one now knows that 
the globe which we inhabit presents, almost everywhere, irrefutable traces of 
stupendous revolutions. The productions of the actual creation, of li'd^g nature, 
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eveiywhere cover the remains of an earlier creation, of a rained nature. On 
the one hand immense masses of shells and of other marine bodies are fonnd at 
great distances from any sea, at heights to which no sea coald now attain, and 
from thence have been derived the fii-st facts in support of all those traditions of 
deluges preserved among so many tribes of mankind. On the other hand, the 
large bones discovered from time to time in the bowels of the earth, in the caverns 
of the mountains, have given rise to those other popular traditions, not less 
diffused and not less ancient^ of races of giants which have peopled the world in 
its first ages. 

The traces of the revolutions of our globe have, therefore, at all times im- 
pressed the minds of men, but they long impressed them in vmu, and only with 
a fruitless astonishment. For a long time, indeed, ignorance was carried to such 
a point that an opinion very nearly universal, and I speak not here of popular 
opinion, but of the opinion of savants and philosophers, regarded the stones 
charged with the impressions of animals or plants and the shells found in the 
earth as sports qf nature, " It was necessary,'' says Fontenelle, " that a common 
potter, who knew neither Latin nor Greek, should dare, about the end of the 
sixteenth century, to say in Paris, and in the face of all the doctors, that the 
fossil shells were real shells, deposited heretofore by the sea in the places w*here 
they were then found ; that animals had impressed on the figure-bearing stones 
all their different figures, and that he should boldly defy the whole school of 
Aristotle to contest his proofs." 

' This potter was Bernard Palissy, renowned for having made barely a first step 
in a route traversed since then by so many great men, and which has conducted 
them to such astonishing discoveries. In truth, the ideas of Palissy could 
scarcely be expected to attract notice at the epoch when they appeared, and it 
was not till about a century later — ^that is to say, towai'd the close of the seven- 
teenth century — that they began to revive, and, again to recall an expression of 
Fontenelle's, " to thrive in the world as they deserved to do." But from that 
time such was the activity put forth, both in collecting the remains of organized 
bodies buried beneath the surface of the earth and in studying the strata which 
contain them, and under this twofold relation so rapidly were significant facts 
multiplied, that some bold and perspicacious minds were not afraid even then to 
combine them in generalizations and attempt to ascend to their causes. It was, 
in effect, at the close of the seventeenth century, and during the first half of the 
eighteenth, that the celebrated systems of Bmiiet, Leibnitz, Woodward, Whis- 
ton, and Bufibn made their appearance — all of them premature and more or less 
erroneous, no doubt, but productive of this advantage, that they accustomed the 
human intellect to contemplate these astounding phenomena in a philosophic 
spirit, and not to shrink from meosuiing itself against them. 

Another advantage, of even greater moment, was, that all these systems, by 
exciting a strong interest, presently drew together from all parts observations at 
once more numerous, precise and complete ; the first effect of which was to over- 
turn all that was imaginary and absurd in those systems ; and the second, to 
found on their ruins the time theory, the positive history of the earth. 

The eighteenth'century, wbicb advanced so mpidly in so many directions, per- 
haps witnessed nothing more rapid than the progress of the science of which 
we are speaking. The same century which in its first moiety had seen all the 
systems just spoken of, structures as brilliant as frail, either rise or fall, this cen- 
tiu-}' saw, in its second, the first foundations of the enduring monument which 
was to succeed them, cast by the hands of a Pallas, a Deluc, a de Saussure, a 
Werner, a Blnmenbach, a Camper, and others who so ably seconded them. 

Among these advances it is proper that I should here especially recall those 
which relate to the fossil remains of organized bodies. It was these remains, in 
effect, subsisting witnesses as they are of so many revolutions, so many violent 
subversions sustmned by the globe^ which had given rise to the first hypothecs 
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of the fafUastic geology ; and it was again these remains which, in the hands of 
M. Cuvier, furnished the results the most evident and the laws best ascertained 
of the positive geology. The researches of M. Cuvier were principally directed 
to th^ fossil bones of quadrupeds — a part of the animal kingdom till then little 
studied under this new point of view, but the study of which was calculated to 
lead to consequences much more precise and decisive than that of any other 
class. 

I have already mentioned the large fossil bones discovered at different epochs, 
and the absurd ideas of giants, which were renewed at each discovery which was 
made of them. Daubenton was the first to overthrow all these ideas ; it was he 
who first applied comparative anatomy to the determination of the remains in 
question ; but, as he himself avows, this science was as yet far fiom being suffi- 
ciently advanced to furnish, in all cases and with sufficient certainty, the species 
or genus of animal to which an unknown and isolated bone might appertain, and 
yet such was the problem to be solved. The memoir in which Daubenton 
attempted for the first time the solution of this important problem was of the 
date of 1762. 

In 1769 Pallas published his first memoir on the fossil hones of Siberia, It 
was not without surprise that the demonstration was here seen of the fact that 
the elephant, the rhinoceros, the hippopotamus — animals which at present live 
only under the torrid zone— had heretofore inhabited the most northern portions 
of our continents. The second memoir of Pallas could not but excite still more 
wonder, for he there repoi-ts the fact, which could scarcely seem credible at, 
that time, that a rhinoceros had been found entii-e in the frozen earth with its 
skin and flesh — a fact since renewed, as is known to all, in the elephant discov- 
ered in 1806 on the shores of the Glacial sea, and so well preserved that dogs 
and bears devoured its fiesh and disputed its remains with one another. 

l^he impulse once communicated by Pallas, the relics of animals of the south 
were soon found, not only in the countries of the north, but in all the regions of 
the old as well as new world. Buffon, from these facts, hastened to deduco his 
hypothesis of the gradual refrigeration of the polar regions and of the succes- 
sive migration of animals from the north to the south. But the last fact observed 
by Pallas, and which has just been cited, had already overthro\7n this assump- 
tion. That fact effectually demonstrated, in the most formal manner, that the 
refrigeration of the globe, far fi'om having been gradual, had, on the contrary, 
necessarily been sudden, instantaneous, without any gradation ; it demonstrated 
that the same instant which destroyed the animals in question had rendered the 
country of then: habitat glacial ; for had they not been frozen as soon as killed 
it is evident that they could not have descended to us with then* flesh and skin 
and every part in perfect preservation. The hypothesis of gradual refrigeration 
being thus untenable, Pallas substituted that of an imiption of water coming 
fix)m the southeast — an irruption which, he maintained, would have transported 
into the north the animals of India ; but this second hypothesis was not more 
happy than the first, for the fossil animals are very different from those of India, 
and indeed from all animals now living — a final fact more extraordinaiy still 
than all which preceded it, and which it was reserved for M. Cuvier to place in 
the clearest light. 

The fact of an ancient creation of animals entirely distinct from the existing 
creation, and long since entirely lost, is the fundamental fact on which rest the 
most evident proofs of the revolutions of the globe. It cannot, therefore, be 
without interest to observe how the idea of this fact, assuredly the most extra- 
ordinary which scientific research has been enabled to discover and to prove, 
had its first rise, its subsequent development, and final confirmation. 

We have seen how, toward the end of the sixteenth century, Bernard Palissy 
had ventured, first among the modems, to maintain that the bones, the impres- 
sions, the fossil shells, so long regarded as casual freaks of natme, wera the 
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remains of real creatures, the veritable spoils of organized bodies. In 1670 
Augustine Scilla renewed the opinion of Palissy and sustained it with vigor. 
Shortly after, in 1683, Leibnitz lent to it the authority of bis name and genius. 
Finally, from the first half of the eighteenth century, Buifon reproduced it with 
still more splendor, and directly made it popular. 

But are these organized beings, of which innumerable relics are scattered 
everywhere, the analogues of those which are now living, whether in the places 
where these relics are found or in others 1 or have, indeed, their species, their 
genera, perished 1 It is here that the difficulty lies, and we may well believe 
that this difficulty would never have been resolved, at least with complete cer- 
tainty, as long as the inquiry had been restricted, for example, to the study of 
fossil shells or of fishes. It would have availed little, in efiect, to find new- 
shells, new fishes ; we should have been always at liberty to suppose that their 
species were still living, whether in distant seas or at inaccessible depths. Not 
so, however, as regards quadrupeds. The number of these is greatly more lim- 
ited, especially for the larger species , we may count on attaining a knowledge of 
all of them — how vastly more easy then to satisfy ourselves whether certain 
unknown bones belong to one of these species still living, or whether they pro- 
ceed from such as are lost. 

This it is which gives to the study of fossil quadrupeds a peculiar import- 
ance and to the deiluctions which may be drawn from it a force which deduc- 
tions derived from a study of most of the other classes could not possess. Bufibn 
seems to have felt this. It was chiefly on the great fossil bones of Siberia and 
Canada that he sought to sustain the conjectui*e (for, in view of the state of 
comparative anatomy at the time when he wrote, it could be only a conjecture) 
of certain lost species. Besides, even this conjecture was so imperfectly estab- 
lished in his own mind, at least in relation to quadrupeds, that after having 
regarded, in his Theorie de la TerrCj all the animals to which these extraordinary 
bones had belonged as lost, he afterwards declared, in his jSpoques de la Nature^ 
that he no longer recognized more than a single lost species — ^that which has 
been called the mastodon — and that aU the other bones in question are merely 
those of the elephant and the hippopotamus. 

Camper went much further, as might have been expected, for oompacative 
anatomy had not failed to advance by long strides since the days of Bufibn. 
In 1787, in a memoir addressed to Pallas, Camper boldly enunciates the opinion 
that certain species have been* destroyed by the catastrophes of the ^obe, and, 
moreover, sustains it by the firat really positive facts, though still very incom- 
plete, which had yet been advanced in its support. Thus, in proportion to the 
determination of fossil bones has been the progress of the idea of lost animals, 
and it has always been by the light of comparative anatomy that this progress 
was accomplished. It was, in efiect, this light of comparative anatomy which 
had been wanting to so many laborious researches of so many naturalists. But 
it is easy to see that towards the epoch of which I speak, towards the dose, 
namely, of the eighteenth century, everything was prepared for the long-sought 
solution ; that the moment was at hand for some revelation, some complete and 
definitive result respecting these strange and marvellous phenom^ia. 

The 1st Pluviose, an Iv, (February, 1796,) being the day of the first public 
session held by the National Institute, M. Cuvier read before the assembled body 
his memoir on the fossil species of the elephant compared with the living species. 
It was in this memoir that he announced, for the firet time, his views on extinct 
animals. Thus, on the same day when the Institute opened the first of its public 
sessions, was opened also the career of the greatest discoveries which natural 
history has made in our age : a singular coincidence, which the history of the 
sciences should not fail to mark and commemorate. 

M. Cuvier had now initiated that brilliant series of researchee and labors 
which occupied him so many years, and which, during the wholethne, called 
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forth renewed sorpiise and admiration on the part of his contemporaries. In this 
first memoir he does not confine himself to demonstrating that the fossil elephant 
is a distinct species from the existing species — that it is a species extinct and 
lost ; he expressly declares that the greatest step which could be made towards 
the perfection of the theory of the earth, would be to prove that none of those 
animals whose remains are found dispersed over nearly all points of the globe, 
any longer exist. He adds that what he then established in regard to the 
elephant he would soon establish in a not less incontestable manner in regard to 
the fossil rhinoceros^ bear, and deer^ all of them species equally distinct from 
living spedes, all of them equally lost. Finally he concludes with the following 
remarkable words, in which he seemed to announce all that he has since dis- 
covered : '^ If it be asked why we find so many remains of unknown animals, 
while we find none of which it can be said that they belong to species that we 
know, it will be seen how probable it is that they have all pertained to the 
creatures of a world anterior to our own ; to creatures destroyed by some catas- 
trophe of the globe ; to creatures whose place has been filled by those which 
exist to-day.'' 

Thus the idea of an entire creation of animals anterior to the actual creation, 
the idea of an entire creation destroyed and lost had at last been fully conceived; 
and had found an utterance which proved to be a final solution of the doubts 
which, for a century, had so strongly occupied the human mind. 

But, in order to transform into a positive result views thus vast and elevated, 
it was necessary to assemble from all quarters the remains of the lost animals, 
to pass them in review, to study them under this new aspect ; it was necessary to 
compare them all, one after the other, with the remains of living animals ; and, 
first of all, it was necessary to create and determine the art itself by which this 
comparison was to be made. 

Now, for a right conception of all the difficulties of this new method, this new 
art, it is sufficient to remark that the debris of the animals in question, the fossU 
honeSj are almost always isolated and dispersed ; that often the bones of several 

ries, and those the most diverse, are mihgled in confusion ; that almost always 
B bones are mutilated, broken, reduced to fragments. It was requisite, there- 
fore, to refer each bone to the species to which it pertained ; to reconstruct, if 
possible, the complete skeleton of each species, without omiting any of the 
pieces which were its own, without intercalating, any which were foreign to it. 
Let us now represent to ourselves this confused intermingling of mutilated and 
imperfect relics assembled together by M. Cuvier ; let us conceive each bone, 
each portion of a bone, taking its place under his skilful hand, each uniting 
itself to the bone or portion of bone to which it had pertained ; let us 
observe all these species of animals, destroyed for so many ages, thus rising 
before us in their various forms, with each character, each attribute restored, and 
we shall scarcely realize that we are witnessing a simple anatomical operation, 
but rather a sort of resurrection ; nor will it abate anything of the prodigy that 
it is a resurrection effected at the voice of science and of genius. 

I say at the voice qf science. The method employed by M. Cuvier for this 
wonderful reconstruction is, in effect, but the application of the general rules of 
comparative anatomy to the determination of fossU bones. And these rules 
themselves are a not less grand, less admirable discovery than the surprising 
results to which they have led. 

It has been seen above how a rational principle, that of the stibordination qf 
organs, everywhere applied, everywhere reproduced in establishing the groups 
of the method, had changed the face of the classification of the animal king- 
dom. The principle which presided at the reconstruction of lost species is 
that of the correlation qf forms, a principle by means of which each part of an 
^ may be given by each other part, and the whole animal by a single part, 
^hanism as complex, and yet as essentially a unit as that which constitutes 
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the animal frame, it is evident that all the parts mnst necessarily be oonstnicted 
one with reference to the others, so as to correspond, to adapt themselves to one 
another, to form, in a word, by their assemblage, one being, one nniqne system. 
A single one of these parts, therefore, cannot change its form without necessitating 
a change in form of all the others. Hence from the form of one part may be 
dedaced the form of all the other parts. 

Sappose a carnivorous animal ; it will necessarily have the organs of sense 
and of movement ; the claws, teeth, stomach, intestines, adapted for scenting, 
seizing, tearing, digesting its animal prey, and all these conditions will be 
rigorously linked with one another ; for, if one be wanting, the others would be 
without effect, without result ; the creature could not subsist. Suppose, on the 
other hand, an herbivorous animal ; all this assemblage of conditions will have 
changed. The teeth, the feet, the stomach, the intestines, the organs of move- 
ment and of sense, will all have assumed new forms, and these new forms will 
always be proportioned and related one to the others. From the form of a sin- 
gle one of these parts, therefore, from that of the teeth alone, for example, we 
may infer, and infer wnth certainty, the form of the feet, that of the jaws, that 
of the stomach, that of the intestines. 

All the parts, all the organs, are deducible, then, one from the other ; and 
such is the rigor, such the infallibility of this deduction, that M. Guvier has been 
often known to recognize an animal by a single bone, nay by the facet of a 
bone ; that he has been known to determine unknown genera and species from 
a few broken bones, and this from such or such a bone taken at random, recon- 
structing in this way the entire animal from a single one of its parts, and causing 
it to reappear, as at will, from each of them ; results which cannot be recalled 
without recalling in effect all that admiration, mingled with surprise, which they 
at first inspired, and which is not yet exhausted. 

That precise and rigorous method of distinguishing bones confounded together — 
of referring each bone to its species ; of reconstructing the entire animal from 
some of its parts — ^that method once conceived, it was no longer by isolated 
species but by groups and masses that these extinct populations, antique monu- 
ments of the revolutions of the globe, reappeared. An idea might then be 
formed not only of their extraordinary appearance, but of the prodigious multi- 
tude of their species. It was seen that they comprised creatures of all classes, 
quadrupeds, birds, reptiles, fishes, down to Crustacea, mollusks, and zoophytes. 
Nor, though I speak here only of animals, does the study of fossil vegetables 
furnish consequences less curious than those drawn from the animal kingdom. 
All these organized beings, all these first occupants of the globe, are distinguished 
by their proper characters, and often by characters the most singuuu: and 
grotesque. 

Among the quadrupeds, for example, we first observe the pdUjsotheriumy the 
anoplotherium, those strange specimens of pachydermata, discovered by M. 
Cuvier in the environs of Paris, and of which none bearing this peculiar charac- 
ter has descended to our times. Afterwards comes the mammoOij that elephant 
of Siberia, covered with long hairs and a thick wool ^ the mastodon^ an animal 
almost as large as the mammoth, and whose teeth, armed with points, long 
caused it to be regarded as a carnivorous elephant, together with those enormous 
sloths, the megaiheriumy the megdlonyXj animals of which the existing species do 
not exceed the size of a dog, while some of those which are lost equalled the 
largest rhinoceros. Still more extraordinary were the reptiles of those first ages 
of the world, • whether from their gigantic proportions, for there were lizards as 
large as whales, or from the singulwty of their structure, for some had the aspect 
of the cetacea or marine mammifers, and others the neck and beak of birds, and 
even a kind of wing. 

* Such as the megalosaurus, which was more than 60 feet in length ; the tehtkjfosaurus and 
the pU$io$aurus, whose members are called those of the utacea ; the pUrodaetyts, which have a 
very long projection from the anterior extremity, bearing a membrane or sort of wing. 



134 BCBMOm OF CUYIEB. 

And what is still more surpri^ng is that all these animals did not live at one 
and the same epoch ; that there were several generations, several populations, 
so to speak, successively created and destroyed. Of these M. Cuvier has 
counted as many as three distinctly marked. The first comprised the moUusks, 
the fishes, the reptiles, all those monstrous reptiles just spoken of; among them 
were already found some marine mammifers, but no terrestrial mammifer, or 
scarcely any, then existed. The second epoch was chiefly characterized by those 
strange species of pachydermata of the environs of Paris, above mentioned, and 
it was now only that the terrestrial mammifers began to predominate. The third 
was the epoch of the mammoth^ the mastodon, the rhinoceros, the hippopotamus, 
the giganMc shlhs. A remarkable fact is that among all these animals there is 
scarcely one of the quadrumana ; scarcely one of the ape tiibe.* And still 
more remarkable, there was no man ; the human race therefore was neither 
cotemporaneous with any of these lost species nor with the catastrophes which 
destroyed them t 

Thus, then, after the age of reptiles, after that of the first terrestrial mammi- 
fers, after that of the mammoths and mastodons, arrived a fourth epoch, a fourth 
succession of created beings, that which constitutes the actual population, that 
which may be called the age qf man, for from this age only dates the human 
species. The creation of 'the animal kingdom, therefore, has undergone sevei^al 
interruptions, several successive destructions ; and what is not less wonderful, 
though altogether certain, is, that there was an epoch, the first of all, when no 
organized being, no animal, no vegetable existed on the globe. 

All these extraordinary facts are demonstrated by the relations of the remains 
of organized beings to the strata which form the crust of the globe. Thus there 
was a first epoch when these beings did not exist, for the primitive or primordial 
formations contain none of their remains ; the reptiles prevailed in the following 
epoch, for their remains abound in the formations which succeed the primitive ; 
the surface of the earth has been several times covered by the seas, and again 
left dry, for the remains of marine animals cover turn by turn the remains of 
tenestrial animals and are alternately covered by them. 

Thus has science, guided by genius, been enabled to ascend to the most remote 
epochs of the history of the earth ; to compute and determine those epochs ; to 
mark both the first moment when organized beings appeared on the globe, and all 
the variations, modifications, and revolutions they have experienced. It were uuj ust, 
doubless, to convey the impression that all the proofs of this great history have 
been collected by M. Cuvier ; but even where others after him have made discoveries 
in the same field, some portion of glory must redound to him by whose footsteps 
they have been guided. It may be said, indeed, that the more valuable those 
discoveries, the more important all those which shall be made in the future, the 
more will his renown be enhanced, even as the name of Columbus has been 
exalted in proportion as the navigators who have come after him have rendered 
better kno"VPn the whole extent of his conquest. 

This unknown world opened to naturalists is undoubtedly the most brilliant 
discovery of M. Cuvier. Yet I do not hesitate to place beside it that other dis- 
ooveiy, in my eyes not less important, of the true method in natural history." 

The need of methods to our imderstanding arises equally from the need it has 
of distinguishing in order to know, and the need it has of generalizing what it 
knows in order to be able to embrace and clearly to conceive the greatest possi- 

* Since the above was written some remains of apes have been found among fossil bones. 
See Hist, des trnvaux de M. CuvUr. 

t Afore recent investigations have led to a different conclusion ; from these it seems to have 
been established that the appearance of man upon earth most be corried back much further 
than has been generally supposed ; that he witnessed more than one of the catastrophes 
alluded to, and was obliged to dispute his mundane inheritance with several of the gigantic 
or ferocious animals of the ** third epoch." See Smithsonian Report for 1867, ** Man as a coytem* 
porary of the mammoth, &c."— Tr. jigitized by VjOOQ IC 
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ble Dumber of fects and of ideas. All method has, therefore, a double object, 
namely, the distinction, and the generalization of facts. Now, till M. Guvicr's 
method had been limited to separating and distinguishing ; it was he who made 
of it, as I have already said, an instrument of generalization, by which he has 
rendered a lasting service not only to natural history, but, I venture to assert, to 
all the sciences. 

For method, understanding thereby the true method, is essentially one. Its 
object everywhere is to raise itself to the most general relations, to the most sim- 
ple expression of things, and in such sort that all these relations shall spring 
one from the other, and all from particular facts which are the origin and source 
of them. It is this which Bacon meant when ho said that all our sciences are 
but generalized facts^ a phrase which admirably denotes the process followed by 
M. Cuvier. 

This generalization of facts was, in effect, the potent instniment by which he 
created the science of fossil remains ; by which he renewed, in every part, 
geology and comparative anatomy j by which he was enabled, in every order of 
facts, to pursue them to their principle, and their ultimate principle, canying 
zoological classification to its rational piinciple, the subordination qf organs ; 
founding the reconstruction of extinct animals on the principle of the correlation 
(^ forms; demonstrating the necessity of certain intervals, cei-tain intenxiptions 
in the scale of beings, by the very impossibility of certain coexistencies, of cer- 
tain combinations of organs. It is in this habit of his intellect of ascending in 
everything to a principle unassailable and demonstrated that we must seek the 
secret of that inimitable clearness w^hich he sheds over all the subjects of which 
he treats ; for clearness results in all cases from the ordering of the thoughts 
and the unbroken chain of their inter-dependence. It is in this habit, moreover, 
that we find the reason why his opinions, in every kind, are so fixed, so final ; 
it is because he never contents himself with isolated and fortuitous relations, but 
always ascends to those which are necessary, and of these allows none to escape 
him. 

In M. Cuvier two things equally strike us: the extreme precocity of his views, 
for it was by his first memoir on the class vermes of LinnflBus that he reformed 
not only that class, but, through it, the whole of zoology ; it was by his first 
course of comparative anatomy that he recast the entire science and re-estab- 
lished it on a new basis ; it was by his first memoir on fossil elephants that ho 
laid the foundation of a science wholly new, the science of extinct animals ; and 
again, that spirit of sequence, of perseverance, of undiverted constancy, by which 
he developed and fertilized his views, consecrating an entire life to establish, to 
demonstrate them, to mature them by experiment, to transform them finally from 
simple views, fruits of a bold conception, of a sudden inspiration, into truths of 
fact and observation. 

If we follow this celebrated man in the different paths he has traced, we find 
throughout those dominant qiuvlities of his genius, order, comprehensiveness, 
elevation of thought, clearaess, precision, force of expression. We find all 
these qualities united to a stylo still more animated, varied, and forcible in those 
Eloges Historiques which long formeil so large a part of the charm and ecloi of 
the public meetings of the academy. On these memoirs praise has been already 
lavishly bestowed, nor would it be easy too highly to extol the spirit and anima- 
tion which diffuse through them so much movement and life; the art of so 
piquantly recounting an anecdote or painting a characteristic ; the vigor of con- 
ception which binds all the parts of the discourse into a whole so compactly put 
together that it might seem to have been created at a single stroke ; the singular 
aptitude, in fine, to rise to the most varied and comprehensive considerations and 
to depict so many different personages in a manner equally just and striking. 
If examined with somewhat closer attention we remark, and with perhaps even 
greater pleasure; the same sagacity of observation, the same analogical subtlety, 
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the same art of comparing and enbordinatingy of ascending to tlie ultimate gen- 
eralization of facts, here transferred to another field ; and, in addition to all this, 
those luminous and penetrating touches which suddenly arrest the attention of 
the reader and transport him to the level of an elevated order of ideas. 

M. Cuvier seems, in effect, to have been destined to give a new character to 
whatever passed through his hands. Into his instructions upon natural history 
ho intix>duced those philosophic and general views which had scarcely before 
penetrated to the schools. In his eloquent lectures the history of the sciences 
became the history of the human mind itself, for in going back to the causes of 
their progress and their errors he was always careful to point out that those 
causes were to be found in the right or the wrong processes which the human 
mind had pm*sued. It was here that, to use one of nis own happy expressions, 
he submitted the human mind to experimenty showing, by the whole testimony of 
the history of the sciences, that the most ingenious hypotheses, the most brilliant 
systems, do but pass and disappear, and that facts alone remain ; opposing every- 
where to the methods of speculation, which have never produced any durable 
result, the methods of observation and experiment, to which we owe all the dis- 
coveries and all the real knowledge which constitute the actual heritage of man- 
kind. 

Ah ! in what mouth could these great results, drawn from the history of science — 
that experimental theory of the human mind, if I may so speak — ^have more 
authority than in his t Who has shown himself more constantly attached to 
observation, to experiment, to the rigorous study of facts, while at the same time 
enriching his era with truths the most novel and sublime t 

Since men have observed with precision, and have pursued experiment in a 
consecutive manner, a space of some two centuries, they ought, it would seem, 
to have renounced the mania of seeking to divine, instead of observing ; for, in 
the first place, it must prove wearisome in the long run to be always divining 
unskilfully j and, in the next place, it should by this time have been recognized 
that what we imagine is always below what really exists, and that, in a word, 
and to consider only the brilliant side of our theories, the marvellous of the 
imagination is always very far from approaching the marvellous of nature. 

The delivery of M. Cuvier was in general grave, and even somewhat slow, 
especially towards the opening of his lectures ; but soon his utterance became 
animated by the movement of his thoughts, and then this movement, communi- 
cated bv the thought to the expression, the penetrating voice, the inspiration of 
his genius reflected in his eyes and on his features, all conspired to produce upon 
his audience the most vivid and profound impression. One felt exalted even 
less by those grand and unexpected ideas which shone throughout tjian by a 
certain force of conception and of thought which seemed by turns to arouse and 
penetrate the mind of the hearer. Into the career of the professor he carried 
the same character of invention as into the career of research and discovery. 
After having remodelled the school of comparative anatomy at the Jardin des 
Plantes, we have seen him convert a simple chair of natural history at the Col- 
lege of France into a true chair of the philosophy of the sciences : two crea- 
tions which well portray his genius, and which in the eyes of posterity must 
reflect honor on our age. 

M. Cuvier has left memoirs of his life, designed, as he himself writes, for him 
who should have to pronounce his eulogy before this Academy. The care which 
he has thus taken in favor of my auditory makes it imperative on me to add 
some details taken from those memoirs: ** I have composed (he says in begin- 
ning) so many dloges historiques that there is no presumption in thinking that 
some one will compose mine, and knowing by experience what it costs the authors 
of this sort of writings to become informed respecting the life of those of whom 
they have to speak, I wish to spare that trouble to him who shall occupy him- 
self with my own. Linnseus, TenoU; and others, perhaps, have not judged this 

f jigitized by v. 
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attention to be beneath them, and they have therein rendered a service to the 
history of the sciences. These (he continues) are respectable examples, and 
which I may oppose to those who shall tax me on this point with a trifling vanity." 

Ho did not foresee that the detmls of his life were destined to become so popular 
that he who should have the honor of pronouncing his eulogy would scarcely 
dare tp reproduce them. 

Greor^e Ouvier* was bom August 23, 1769, at Montb^liard, a city then belong- 
ing to the duchy of Wurtemberg, but which has since been reunited to France. 
His family was originally from a village of the Jura which still bears the name 
of Cuvier. At the era of the Reformation it had established itself in the little 
principalitv of Montb^liard, where some of its members have filled distinguished 
places. Tf he grandfather of M. Cuvier was of one of the poorer branches ; he 
was town clerk. Of two sons whom he had, the second entered a Swiss regiment 
in the service of France, and having become, through good conduct and bravery, 
an officer and chevalier of the order of merit, married, at the age of fifty years, 
a woman still quite young, and whose memory should be dear to posterity, for 
she was the mother of Cuvier, and, moreover, his first preceptor. 

A wbman of superior mind, a mother full of tenderness, the instruction of hor son 
soon became her whole occupation. Although she did not know Latin, she made 
him repeat his lessons ; execute his drawings under her eyes; read to her many 
books of history and literature ; and it was thus that she developed, that she 
nourished in her young pupil that passion for reading, and that curiosity about 
all things, which, as M. Cuvier himself says in the memoirs intrusted to me, had 
formed the mainspring of his life. 

At an early age there was seen in this child that prodigious aptitude for all 
mental labor, which still later formed one of the distinctive traits of his genius. 
Everjrthing aroused, evorjrthing excited his activity. A copy of Buffon, which 
he finds by chance in the library of one of his relations, suddenly kindles his 
taste for natural history. He immediately sets about copying the figures and 
coloring them from the descriptions — a labor which, at so early an age, certainly 
denoted a sagacity of observation of a high order. 

The residence of the young Cuvier at the academy of Stutt^ard is too well known 
to be long dwelt upon. The sovereign of a small state, Charles, duke of Wur- 
temberg, seemed to have proposed to show to the greatest nations what thiey 
might do for the instruction of youth. There were here collected in a magnifi- 
cent establishment more than 400 pupils, who received the lessons of more than 
80 masters. Here were trained, at the same time,*painters, sculptors, musicians, 
diplomatists, jurists, physicians, soldiers, professors in all the sciences. Of the 
higher faculties there were five : law, medicine, administration, military art, and 
commerce. The course of philosophy finished, the pupils passed into one of 
these faculties. Cuvier chose that of administration, and the motive he assigns 
for it should be reported : ^' It was," he says, " because in this faculty there was 
much to do with natural history, and, consequently, frequent opportunities of 
herborizing and of visiting the cabinets." 

Everything in the life of a great .man interests us, but doubly so whatever 
serves to throw light on the process of his labors. We would gladly follow him 
through the whole course which he has traversed in changing the face of the 
sciences, and even from his earliest steps would divine something of the direction 
and character of his thoughts. It has just been seen that our naturalist, yet a 
child, at si^ht of the first figures of natural history which fall into his hands, at 
once conceives the idea of coloring them after the descriptions. While still at 
Stuttgard one of the professors, whose lectures he had translated into French, 
makes him a present of Linnaeus. It was the tenth edition of the Systeme de 
la nature, and this book forms, for ten years, his whole library of natural history. 
But, in default of books, he had the objects ; and this direct, exclusive study 

* His name in fall was Qeorgcs Leopold Chretien Fredoric Dogobert. ^ 
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of the objects engraved them much better in his mind than if, to nse his own 
expression y he had had at his disposal any number of prints and descriptions. 
Besides, having neither figures nor descriptions he made them for himself. 

Still, all these excursions into natm-al history had not interfered with the pre- 
scribed studies ; he had borne off almost all the prizes ; had obtained the order 
of chevalier which was accorded to only five or six of all those young persons ; 
and, according to appearances, he might have promptly obtained an appointment. 
But, fortunately for him and for natmal history— and these two destinies were 
thenceforth inseparable — the situation of his parents did not permit him to wait. 
It was necessary for him to decide, and the place of preceptor having been 
offered to him by a family of Normandy at the moment when he was quitting 
Stuttgard, he hastened to accept it, and at once set out for Caen, where he 
arriv^ July, 1788, being then something less than 19 years of age. 

From this moment his passion for natural history acquii-ed new force. The 
family of Herici, to which he was attached, went to reside at a country seat of 
Gaux, a short distance from Fecamp. It was here that our young naturalist 
lived from 91 to 94, surrounded, as he says, with the most diversified products, 
lavished upon him, as if in emulation, by the sea and land ; always in the midst 
of such objects, almost without books, having no one to whom he could commu- 
nicate his reflections, which, therefore, only acquired the greater depth and 
energy. It was at this period, in effect, that his mind began to open for itself 
new paths ; it was then that at the sight of some ierebratukej dismterred near 
Fecamp, he conceived the idea of comparing fossil with living species ; that the 
dissection of some mollusks suggested to him that other idea of a reform to bo 
introduced in the methodical distribution of animals; so that the germs of his 
two most important labors^ the comparison of fossil with living species, and the 
reform of the classification of the animal kingdom, ascend to this epoch. 

From this epoch also date his first relations with M. Tessier, whom the 
storms of the revolution then retained at Fecamp, and who had there occupied 
for some time the place of physician-in-chief of the military hospital. M. Tes- 
sier could not see the young Cuvier without being struck with the extent of his 
knowledge. He fii*st engaged him to deliver a course of botany to the physicians 
of his hospital j he afterwai'ds wrote to all his friends in Paris to impart to them 
the happy discovery which he had made, and especially to those of the Jardin 
des FlanteSy who at once conceived the idea of calling the young naturalist 
thither as assistant of Mertrud, then in charge of the department of comparative 
anatomy. " Often," says M. •Cuvier, in reference to this circumstance, " has a 
phrase of M. Tessier, in his letter to M. de Jussieu, recurred to me : You remem- 
ber , ho said, tJiat it was I wlu) gave Ddambre to tfie academy ; in another walk 
this also will be a DelambreJ^ It was to M. Tessier, therefore, that the Academy 
of Sciences owed both Delambre and Cuvier. A man who should have rendered 
but these two services to the sciences mi^ht count on the respect and gratitude 
of all who cultivate them. But how much more vividly do such incidents touch 
us when they embellish a life wholly consecrated to science, its progress and 
application, and spent in a long succession of useful laboi*s and virtuous actions I 

It was said by Fontenelle to be a piece of good fortune on the part of savants, 
whom their reputation might afterwards call to the capital, to have had leisure 
to lay up a good stock of funds in the repose of a province. M. Cuvier's stock 
was so good that some months after his arrival in Paiis, in 1795, his reputation 
already equalled that of the most celebrated naturalists, and the same year, which 
was also tliat of the creation of the National Institute, he was named adjunct of 
Daubcnton and Lacdpcde, who fonned the nucleus of the section of zoology. The 
year following he commenced the courses which became so rapidly celebrated at 
the central scliool of the Pantheon. In 1799, the death of Daubenton led to his 
appointment to the much more important chair of natuml history at the college of 
Fi-ancc; and, in 1S02, Mertmd being dead, he became titular professor at the 
Jardin des Plantes, *^ 
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It' will be recollected tliat the functions of secretary of the Institute were at 
first temporary. M. Cuvier was called, among the firet, to fulfil these functions 
in his class, and soon afterwards, in 1803, a new organization of the learned 
body having re-established the perpetuity of these offices he was chosen per- 
petual secretary for the physical or natural sciences, with nearly entire unanimity. 

It was in this new capacity of perpetual secretary that he composed his mem- 
orable Beport on the progress qf the natural sciences since 1789. Delambre had 
been chaiged with the report on the mathematical sciences, and thus each class 
of the institute was called upon to present one on the sciences or arts which fell 
within its province. It is well known with what state the Emperor received 
these reports. The peculiar satisfaction which that of M. Cuvier gave him was 
expressed by a happy turn of words. " He has praised me," said the imperial 
personage, ** as I like to be praised." ** And yet," remarks M. Cuvier, " I had 
done no more than invite him to imitate Alexander, and to make his power 
instrumental to the progress of natural history." But this sort of praise is pre- 
cisely that which must most flatter a man who had comprehended all kinds of 
glory, and would willingly remain a stranger to none. We are at liberty to 
think, morover, that the praise which has no other object but to induce a sover- 
eign to do worthy things is not unworthy of a philosopher. 

To all these occupations, as historian of the sciences, perpetual seoretaiy, pro- 
fessor at the Museum and at the College of France, M. Cuvier added several 
•thers. He was named member of the council of the University in 1808, and 
master of requests in 1813. Nor was the Restoration insensible to his merit. He 
preserved his position, and was even invested with new functicms. Appointed 
successively counsellor of state,* president of the commission of the interior, 
chancellor of public instruction, and finally, in 1831, peer of France ; his genius 
embraced all orders of ideas and lent itself to all kinds of labor. 

It may well be supposed that lie was a member of all the learned Academies 
of the world -, for what Academy could have afforded to omit the inscription of 
his name on its list t And that which is an honor, of which there were few 
examples before him, he belonged to three Academies of the Institute, the Acade^ 
mie Frangaise, the Academy of Sciences, and that of Inscription? and Belles- 
letters. 

His great renown brought to him, from all parts, whatever occurred in the 
way of observation and discovery. It was, moreover, in great part his genius, 
his lectures, his works, which animated all observers, and everywhere created 
them J and never could it have been said of any man with more truth than of 
him, that nature heard herself everywhere interrogated in his name. Hence 
there is nothing comparable to the rich collections which he created at the museum, 
and which were all placed in order by him. And when we think of that direct 
study of objects which was the principal occupation of his life, and through which 
he has occasioned the outgrowth of so many results, it cannot surprise us that 
he was often heard to say : " That he believed himself to have been not less 
useful to science by his collections alone than by all his other works." 

In the course of a career so full of success and of honors, M. Cuvier had sus- 
tained not a few severe blows. He had lost his first two children, either a few 
days or a few years after birth j the third, who was a son, died at the age of 
seven, and all these sorrows were renewed, and with far more bitterness, when 
he lost his daughter, a young lady of rare qualities, who offered, not only in 
mind but in features, no faint resemblance to her father. In all the misfortunes 
of life his consolation was ordinarily sought in redoubled labor; but a consola- 
tion still more efficacious consisted in the affectionate attentions with which his 
family, and above all, Madame Cuvier, were sedulous to surround him. 

If we consider the numerous public appointments of M. Cuvier, his uninter- 

* He was also baron and grand officer of the Legion of Honor. It is wel^to recall these 
titles ; a nation honors itsell by thus bestowing them. jigitized by LjOI 
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mittinff researcheSy his volnminoris and important works, it seems astonishing that 
a single life could bave sufficed for so much. But, besides the superior faculties of 
his understanding, he possessed an ardent curiosity which impelled him to the pur- 
suit of all knowledge ; a memory which partook of the wonderful, aild a facility 
even still more wonderful of passing from one labor to another immediately, 
without effort ; a singular faculty, and which, perhaps, contributed more than 
any other to multiply his time and his energy. Moreover, no one ever made so 
thorough, and, if I may thus express myself, so methodical a study of the art of 
not losmg a single moment. Each hour had its stated labor ; each labor had 
a cabinet which was destined for it, and in which all was found that related to 
that labor; books, drawings, objects. Everything was prepared, everything 
foreseen, so that no extemjU cause might intervene to distract or retard the mind 
in the course of its meditations and researches. The address of M. Guvier was 
grave, and his was not a politeness which diffused itself in words, but he possessed 
a goodness of heart and a kindness which were prone to proceed always directly 
to action. It might be said that in this kind also he dreaded any loss of time. 

I need not, in concluding, recall to my auditors that death, so much deplored 
and so sudden, which surprise! him in the midst of so many labors and great 
designs. That event is too recent, the remembrance too painful, and the regrets 
of his colleagues in this Academy, still vivid and profound, are the homage most 
worthy of his memory.* Besides, in my feeble sketch of the labors of this ffreat 
man, I have less considered the man than the savant. I have chiefly sought t^ 
retrace that series of sublime truths for which the sciences are indebted to his 
genius, a genius which is henceforth immortal. 

His glory must increase with the progress of the sciences which he created. 
Time, which effuses so many other names, perpetuates and surrounds with an 
ever renovated lustre the memory of those rare individuals who seem to have 
revealed new activities in the intellect, and to have given new forces to thought. 
And as their minds, outstripping their age, had posteritv chiefly in view, so it is 
only posterity, it is only the succession of ages, from which they can expect all 
the gratitude and admiration which is due to them. 

' M. Cavier died Sunday, May 13, 1832. 
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I. — OF HBTHOD COKSIDE^D IN ITSELF. — -RATION AL METHODS. — ^EMPIBICAL 

METHODS. 

Method IS a part of logic ; it is the approximation of like things, and the sep- 
aration of things unlike. Hence, there nave always been methods, especially in 
natural history, where the number of objects is so great. It was in viun, then, 
for Buffon to revolt against methods } in proportion, as passing from quadmpeds 
to bird s, he sees the number of species increase, he himself resorts to methodical 
approximations; he groups together like species, he constitutes genera; ^'he 
silently submits,'' says M. Guvier, ''to 'the necessity imposed on all of us, of 
classifying our ideas in order clearly to represent to ourselves their ensemblej their 
collective import." Aristotle himself had a method, and indeed an excellent one, 
at least for classes, t He knew that the cetacea are mammiferous | he distin- 
guishes in aninkds with white blood, the moUusca, the Crustacea, the insects, &c.§ 
After the revival of letters the learned were content at first with the method of 
Aristotle ] but it was soon found necessary to extend it. 

Natural history always resolves itself into specific objects. Method really aids 
us only in so far as it leads to species > and since it should lead to species, it is 
necessary that it should embrace all species. Now, before linnffius, it was cus- 
tomary to stop, in several classes, at the genera ; in other classes, while proceed- 
ing to species, only a few were particularized. Linnseus proposed that method^ 
the distinctive catalogue of beings, should embrace them all ; no species, there- 
fore, was neglected ] all were studied, independently of their shape, size, relative 
utility; all were named. Twenty years after Linnaeus, the number of known 
beings was quintupled. 

On the other hand, specific names did not yet exist, only generic ones. Lin- 
naeus founded a nomenclature. Each species hod two names : a substantive name 
for the genus, an adjective name for the species. || The name of the species no 

* From the ** Histoire dee Travanx de Georf^es Cuvier," by M. Floarens, late perpetual 
secretary of the French Academy of Sciences. &c. 

tSee the fine eulogy of M. Cavier himself on the principles of Aristotle: '*Far be it 
from us to detract from the glory of the gpreat philosopher whom we recall. We think, on 
the contrary, that it is necessary to revive his principles, if we would give to natural history 
all its perfection, and we observe with satisfaction that they are beginning to revive." A 
surprising thing, surely \ Aristotle had already discovered the great principles of the science 
twenty centuries ago ; and to rediscover those principles we must come down to Cuvier. 

X " The dolphin,*^ he says, "has teats, and suckles its young."— fliwf. oj Animals^ Book IL% 
External differences do not, in his eyes, mask Internal resemblances ; he places the serpent, 
which has no members, by the side of the lizard, which has. ** The serpent," he says, ** en- 
tirely resembles the lizard, bv supposing the latter to be lengthened and retrenching its feet." 

$ The strong envelope of the shell, however, imposes on him ; and to the four natural 
classes : TnoUuskSf Crustacea^ insects and zoophytes, he improperly joins that of the testacea. 
Still, an attentive perusal of the work of Aristotle shows us a surprising number of just 
conceptions, even in what may be called the anatomy of detail. ** Tne ear," he says, *' has 
no opening into the brain, but into the palate of the mouth."— £lw<. of Animats, Book /. 
This was a plain indication of the eustachian tube. 

II It is this second name, proper to the species and commonly an adjective, which Linnsens 
calli. the tHvUl n.m.. ^^^.^.^^^ ^^ GoOglc 
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longer oban^ed, for species is a thing fixed and changes not ; but the name of 
the genus might change, for the genns only denotes relations, and relations may 
vary in proportion as the number of species varies. These simple ideas ha^ 
till then, not been comprehended. 

But Linnseus, who rendered these two great services, is perhaps, of all nat- 
uralists, he who most contributed to the prevalence, at least for a certain time, 
of the use of artificial methods. Now, an artificial method gives only the name 
of species ; the natural method alone gives the name and the relations of species. 
An artificial method may conduct to names, even while placing in approxima- 
tion objects the most dissimilar, and for the very reason that it gives only the 
name of objects. Thus the connections not being consecutive, the artiiicial 
method is not of a logical order. That method is alone logical in which species 
the most similar are placed beside one another, and s(^ecie« the most unlike are 
furthest removed from one another. Each group therein has the greatest possible 
number of common properties. And if the groups are contained one in another, 
if we ascend from one to others by a series of propositions more and more gen- 
eral, we possess the science entire. But what are the means for arriving at this 
logical or natural method ? These means are of two orders : rational or empirical. 

An oiganized being is a whole ; its different parts, therefore, have necessary 
relations to one another. Now, the more important any part, that is to say, the 
more essential by the order of its functions, the more do its modifications involve 
corresponding ones in all the rest. Everything, therefore, consists in knowing 
the relative importance of the parts, and in subordinating one to the other in the 
method, as they are subordinated in the organization itself. In this resides the 
whole rational principle of method. Thus, the nervous centres, the brain, the 
spinal marrow, by which the animal is essentially what it is, give the first groups 
of the method ; the respiratory and circulatory centres, the lungs, the heart, by 
means of which it partakes of its present life, give the second ; the digestive cen- 
tres, by which it sustains that life, give t^e thud, and so on in succession. 

The naturalists have only succeeded by long tentatives in conducting the dis- 
tribution of animals to the point of perfection which it has reached ; they have 
arrived at that point a posteriori ; they might have arrived at it a priori, by 
the direct determination • of the relative importance of the organs. Now, so far 
as the relative importance of the organs is known, we have a rational method ; a 
method a priori. When the relative importance of the organs is not known, we 
are guided by their constancy ; wo have then only a method a posteriori, an em- 
pirical methods The most constant organ is regarded as the most important; 
the constancy of a relation, taken as a fact, supplies the reason oi that relation, 
until that reason is known. 

Thus, for example, all ruminating animals have the foot cloven ; all animals 
which have horns, ruminate, &c. These are constant relations, but what is the 
reason of this constancy ? We know it not. And yet, since these relations are 
constant, we may employ them, with confidence, in our methods. Again, insects 
which breathe by means of tracheae, are deficient in conglomerate and compact 
glands. Their secretory organs are only canals or simple tubes. We know at 
present the reason of this fact. It is because animals which respire by tracheae 
iiave no circulation, and there needs a circulation to make the blood peneti*ate 
into conglomerate and compact glands. But before the reason of the fact was 
known, the fact itself was known ; it was shown to be constant ; and from the 
very circumstance of its being constant, it might thenceforth be employed in 
method. Constancy, therefore, represents importance. 

Thus, there are two kinds of method, or, to speak with more exactness, there 

* Direct ifeffrmtno/um, which is only obtained through physioloi^. And herein, as has been 
already said, is the true secret of the great results obtained bj M. Cuvier. It was because 
his vast genius embraced alN-aoatomy, physiology, zoolugy ; and mode each of those sciences 
co-operate in torn to the progress of the others. ' ^-^ ^ 
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are, for method, two distinct states : the rational and the empirical. And as 
method is always bound to be natural^ when, in order to become so, it has no 
longer the rational way, it becomes so by the empirical way ; When it has no longer 
the known importance of the organs to direct it, it is guided by their constancy, 

U. — CLASSIFICATION OF THE ANIMAL KINGDOM. 

• • • Linnaeus divided the animal kingdom into six classes : quadrupedSj 
birds, reptileSjfisheSf insects, and worms. No precise limit circumscribed these classes 
in which the cetacea were found among the fishes ; the cartilaginous fishes among 
the reptiles ; the Crustacea, the articulated worms, animals which have a true 
circulation, were ranged among the insects which have none ; and the intestinal 
worms, the polypes, the infusoria, the mollusks, even certain fishes were united 
and confounded in the class vermes, the last and most chaotic of all. ♦ ♦ 
Into this class, in effect, Linnaeus had introduced endless confusion, and Bru- 
guidres left it just as Linnaeus had done. So little attention was still paid to the 
internal organization of these animals that the last-named author, for example, 
taking for mollusks all tbat had no shell, separates from the class in question, 
under the name of testacea, all that have a shell, as if the slight external character 
of having a shell hindered the testacea from being true mollusks by virtue of their 
entire nature or internal organization. 

It was in 1795 thatM. Cuvier pointed out the extreme difference of the objects 
confounded in this class, and separated them distinctly, one from another, after a 
detailed examination and agreeably to characters derived from their organization 
itself. This examination produced a new general distribution of animals with 
white blood into six classes, mollusks, crustaceans, worms, insects, echinoderms, 
and zoophytes. From this new distribution of the white-blooded animals dates 
the revolution of zoology. 

Still later M. Cuvier associated the crustaceans with the insects, on account of 
the common synmietry of their parts, and the articulated structure, alike common, 
of their members and body -, he separated the annelids, or worms with red blood, 
from the intestinal worms ; for he pointed out that the former have a true circu- 
lation, a distinct nervous system, an articulated body, while the others have 
neither circulation nor distinct nervous system, nor body properly articulated. 
He showed that the mollusks, which have so rich an organization, a brain, eyes, 
often very complex, sometimes ears, always numerous secretory glands, a double 
circulation, &c., should in the first place be raised greatly above the polypes and 
other zoophytes, the greater part of which have not even distinct organs, and 
with which, nevertheless, they had been so long ranged ; and, in the next place, 
that the collective assemblage of these mollusks formed a group which, by the 
importance of its general characters and the number of species which compose it, 
corresponds not to such or such a class or fraction of the vertebrate animals, but 
to all the vertebrata joined together ; and then, taking up each of the great masses 
of the animal kingdom, he saw that scarcely any of the general divisions there- 
tofore admitted conld be sustained, at least with the characters and limits which 
had been thus far assigned to them. For instance, it was customary to oppose 
the v€rtd)rate anhnals to the animals mthout vertSra, as if these two divisions 
had been of the same rank ; and to designate equally by the name of class the 
whole of the mollusks and a mere fraction of the vertebrata, as if, in effect, the 
whole body of mollusks was only equivalent to a fraction or subdivision of the 
vertebrata, &c. Now, since the infinitely varied organization of the animals 
without vertebrae was at last known, it was impossible any longer to pretend that 
there was not, between all these varied animals, vastly more difference than 
between certain vertebrates and certain others. But if, of these two divisions, 
one comprised structures far more varied than the other, the one could not be 
equivalent to the other ; they were not of the same rank 3 they shpQld not ihen 
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be called by the same name. In like manner^ since the organization of the 
mollusks bad become known, it could no longer be pretended that there were 
not between these animals many more differences than between the animals of 
a single class of vertebrata ; and consequently again, since there was no parity 
between the beings comprised in these two dimsionSj there was no parity of division, 
and there ought, therefore, to be no parity of name. 

But this was not all. By still comparing the structures, and taking them for 
a guide, it was not less evident that the crustaceans united to the insects, and these 
two groups to that of the worms with red Uood, or anndidSy formed by their 
importance, by the number of their species, by their structures so essentially diverse, 
a third division, similar either to that of the vertebrata or to that of the moUusks ; 
and that all other animals, united thenceforth under the name of eoophyteSj formed 
a fourth division similar to each of the three preceding. Considered under this 
new point of view the animal kingdom presents therefore four grand divisions or 
branches : that of the vertebrata. that of the moUtiscas, that of the articulate^ 
and that of the zoophyta. 

Each of these divisions is formed on a particular and distinct plan ; that is to 
say, one which cannot be reduced to that of the others ] and they are all like 
one another in being of the same oi*der; that is to say, that the beings they include 
present, in their structure, similar or equivalent resemblances or diiSerences. 
Thus the vertebrata have their plan, the mollusks have theirs, the articulata^ 
the zoophytes have theirs, and all these plans are alike circumscribed ; that is to 
say, that no shading, no intermediary, no lien, can make them pass from one to 
the other without a rupture, without a saltus. A kind of circumvallation separates 
them. We can pass by modifications more or less graduated from nuzUy con- 
sidered in his organization to the other mammifers, from mammifers to birds, 
from birds to reptiles, from reptiles to fishes ; but from fishes to mollusks, from 
mollusks to articulata, from articulata to zoophytes, there is no longer any grad- 
ation or natuml transition. All at once the plan changes and a new form shows 
itself; but taken in itself this new form, this new type, is equally constant, preva- 
lent, uniform ; all the mollusks repeat as exactly their own type as the vertebrata, 
the articulata, the zoophytes, repeat theirs. Thus, in the immense chain of the 
animal kingdom there are four great forms, four grand types, and there are but 
four. 

This capital fact is equally worthy of note whether we consider it as showing 
that, with the exception of a few secondary modifications, all animals enter exactly 
into one or the other of these great forms, or whether we consider it as showing 
that between each of these great forms there is no shading, no gradation, no 
intermediate form. The vertebrata alone have a spinal marrow, a long medullary 
cone, into the sides of which enter the nerves, and which is enlarged at its ante- 
rior extremity to form the encephalon ; they alone have a double nervous system, 
that of the spinal marrow and that of the great sympathetic ; they alone have a 
canal composed of bony or cartilaginous vertebrae. But all of them have this 
spinal marrow, this great sympathetic, these vertebrae; all have senses to the 
number of five, horizontal jaws to the number of two, red blood, a muscular heart, 
a system of chyliferons and absorbent vessels, a liver, a spleen, a pancreas, kid- 
neys, &c. In a word, the more we examine their whole organization the more 
resemblances do we discover. • 

But the more differences do we also find as regards the other embranchments. 
The moJlusJcs, for example, have also a brain, though infinitely reduced ; but 
they have no spinal marrow, and consequently no vertebrae ; they have no great 
sympathetic, and their single nervous system, instead of being placed above the 
digestive canal, as in the vertebrate animals, is always placed, with the exception 
of the single ganglion which represents the brain, below that canal, being con- 
signed to the viscera; in fine, they have neither a true skeleton nor absorbent 
vessels, nor spleen, nor pancreas, nor vena-porta, nor kidneys ; the organ of smell 
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is wanting in all ; tbat of siglit in many ; a single family possesses that of hearing, 
&c.y but they all have a complete and doable system of circulation, circumscribed 
respiratory organs, a liver, &c. In a word, if, by the want of a spinal marrow, 
of vertebrae, of a skeleton, a great sympathetic, &c., they differ essentially from 
the vertebrates^ they seem, by the richness of their vital organs, by their double 
circulation, their respiration, their liver, &c., to come immediately after them, and 
hence to deserve to form the second of the four branches of the animal kingdom. 

The third, or that of the articidata, differs not less from that of the mollttsks 
than these differ from the vertehrata. The animals of this branch have a small 
brain like the mollusks, and this small brain is also situated upon the cssophagus ; 
but, what is wanting in the mollusks, they have a sort of spinal marrow com- 
posed of two cords which run along the belly and unite themselves with it from 
space to space by knots or ganglions from which issue the nerves ; and yet this 
spinal marrow, which distinguishes them from the mollusks, does not associate 
them with the vertebrates, for, inversely as regards that of the vertebrates, always 
placed above the digestive canal, it is always placed below. By an opposite 
inversion the heart, which is below this canal in the vertd/ratOj is above in the 
articulata; and what I have just said of their spinal marrow may be said of their 
skeleton, when they have one ; it is that this skeleton, while it divorces them 
from the mollusks, is not a feature which unites them with the vertebrates j for, 
inversely to that of the vertebrates, which is internal and covered by the muscles, 
it is external and covers the muscles. Again, in a word, the features which sepa- 
rate the articulata from the mollusks are essential and profound, and such as decide 
the nature of beings, and the features which seem to connect them with the 
vertebrates do so only in appearance. 

The fourth branch presents characters not less circumscribed,- not less deter- 
minate than the others. The first of these characters is that all the parts are 
disposed around a centre, like the radii of a circle ; the second is the degrada- 
tion, the successive simplification of their structare. From the first character is 
derived the name of radiata, or animals of which all the parts are radiate or 
stellate ; and from the second that of zoophytes, or animal plants, animals which, 
in the simplicity of their organization, approach most nearly to plants. Thus 
the animal kingdom has four great tjrpes or forms, and a little consideration will 
disclose that each of these general forms of the body depends on the form itself 
of the dominant system of the animal economy ; that is, on the nervous system. 

The vertebrate animals have a trunk on each side of which all their parts are 
symmetrically arranged ; it is because their nervous system forms a central med- 
ullary cone, from each side of which proceed, in symmetrical order, the* nerves of 
all those parts. The mollusks have a mass -like body ; it is because their nervous 
system has but a confused arrangement. To the body of the articidata some 
degree of symmetry is restored, but it had been first impressed on their nervous 
system j the body is articulated externally, for the nervous system is articulated 
in the interior j in fine, even in the radiated animals^ whenever the last vestiges 
of the nervous system are distinguishable it presents that star-like form which is 
affected by the whole body.* 

The form of the nervous system, then, determines the form of the animal j 
and the reason of this is simple : it is that, on the whole, the nervous system is 
virtually the animal, and all the other systems are present only for its service 
and sustentation. It is in nowise surprising, therefore, that, the form of this sys- 
tem remaining the same for each emoranchment of the animal world, the gen- 
eral form of each should remidn the same; nor that, this form changing from one 
embranchment to another, the form of each embranchment should change. 

* • • Having thus seen that the modifications of the nervous system give 
the first groups, the first divisions or embranchments, it follows from the principle 
of subordination qf clioracterSj which is but another expression for the subordi- 
nation of the organs themselves, that the modifications of the organs of circula- 
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tion and respiration, which come immediately after the nervous system in the 
order of their importance, will give the first subdivisions, or the dosses. The 
vertebrate animals present either a simple and complete respiration, with a dou- 
ble circulation, which is the case with the mammifers; or a double respii-ation 
and double circulation, which is the case with birds; or a simple respiration, but 
complete one, since it is always aerial, and this combined with a simple circula- 
tion, being the case of reptiles; or a double circulation, combined with an inconi- 
plete, that is to say an aquatic, respiration, which is the case vn\h fishes. Hence 
the vertebrate animals are distributed, according to their organs of circulation 
and respiration combined, into four classes— the mammifers, birds, reptiles, and 
fishes. 

So it is, also, with the mollusJcs; some have three hearts, others two, others 
one : of these hearts there are such as have but a single ventricle and a single 
auricle ; others a single ventricle and two auricles j others, again, a single ven- 
tricle without an auricle, &c.; in fine, certain mollusks respire by a pulmonary 
cavity, others by branchiae, &c.; and it will be readily conceived that the com- 
bination of all these variations of respiratory and circulatory organs will furnish 
classes of mollusks as it furnished the classes of vertebrata. The classes of 
mollusks, thus determined, are six in number — cephdUypods.gasteropodSj acephdlateSy 
pterqpods, brachiopodSy and drrhopods. 

The combination of the organs under consideration will give us, likewise, and 
in even a still more striking manner, the subdivision of the third branch 
into four classes: the annelids, whose blood is red like that of the vertebrata j 
the crutstaceaf whose blood is white like that of all other animals without verte- 
brae, and which, moreover, have a heart placed in the back, &c. ; the arachnids, 
which have for heart only a simple dorsal vessel which sends forth arterial branches 
and receives venous onesj and insects^ which have no vessels at all, neither 
arteries nor veins, which have only the vestige of a heart, and whose respiration 
is not effected by circumscribed organs, but by trachea, or elastic vessels distrib 
uted through the whole body. In this branch of the articulata wo observe, 
therefore, the transition from animals which have a circulation to those which 
have none, and the corresponding transition from those which respire by means 
of circumscribed branchiae to those in which tracheae distribute the air to every 
part. 

It is in the fourth branch, or that of zoophytes, or the radiata, that we 
observe the disappearance, the gradual and successive fusion- of all the organs 
into the general mass. Thus, some of these animals have still closed vessels, 
distinct organs of respiration, &c. j others, which have neither such vessels- for 
circulation nor such organs for respiration, have still visible intestines ; it is only 
in the last of all that everything seems reduced to a homogeneous pulp ; and it 
is on the different degrees of complication in their structure that is founded their 
subdivision into five classes: echinoderms, intestinal worms, acalephs, polyps, 
and infusoria, ••••••• 

Thus the nervous system has furnished the brqndies ; the organs of curcu- 
lation and respiration combined, the classes; and it is easy to conceive that organs 
more and more subordinate would successively supply the orders, the families, 
the tribes, the genera, the sub-genera, in a word, the whole scaffolding of the 
method. Thus as regards the mammals, for instance^ (for it would detain us too 
long to follow the unfolding of the method in all the classes,) the combined 
organs of touch and of manducation divide this class into nine orders: man, who 
has three sorts of teeth, (molar, canine, and incisive,) and who has the opposable 
thumb on the two anterior extremities alone ; the ^piadrumana, which have also 
the three sorts of teeth, and, moreover, the opposable thumb on the four extrem- 
ities ; the carnivora, which again have the tlu^ sorts of teeth, but no opposable 
thumb and consequently no hands, which have only feet, but feet of which the 
digits or toes are movable, like those of the two above orders j the rodents, whose 



HISTORY OF THE WORKS OF CUVIER 147 

toes differ little from those of the camivora, but which have only two sorts of 
teeth, the molar and incisive ; the edentata, in which order the toes have become 
less movable, and are almost confounded with large claws, and which have never 
any teeth but the molar and canine, sometimes only molar, and sometimes none 
at all ', the marsupialSf or animals with a pouch, a small series collateral to the 
three preceding orders, some of them corresponding to the camivora, others to the 
rodentia, and others to the edentata ; the ruminants^ which form a strikingly dis- 
tinct order in view of their cloven feet, their upper jaws without true incisors^ 
their four stomachs ; the pachydermata, which comprise all the other quadrupeds 
with hoofs; and the cetacea, which are* wholly destitute of posterior extremities. 

The principal modifications of the combined organs of touch and manducation 
having given the orders, secondary modifications of these same organs will sup- 
ply the families ; and modifications more and more subordinated will give all the 
other groups, the tribes^ the genera, the stih-genera, until we finally reach the 
species for which the whole scaffolding is constructed. 

Thus, to confine ourselves again to a single order of the mammifers, that of the 
camivora, for example, it has just been seen that one of the characters of that 
order is to have movable toes. Now, if we suppose these toes to have become 
very long, and to be united by membranes, so as to form an organ of flight, as 
in the bats, we shall have the family qf cheiroptera ; if we suppose that the 
animal, the toes remaining free, supports itself in walking on the entire sole of 
the foot, or, on the contrary, that it walks only on the ends of its toes, we shall 
have in the first case the ^ri6e of the plantigrades, and in the second that of the 
digitigrades. And similarly as regards the organs of manducation, it has beeii 
seen that this order has three sorts of teeth, and it is this which constitutes its 
character as an order ; but let us suppose that the molar teeth (which by their 
form always decide the diet of the animal) are feeblet and furnished with conic 
points, and we shall have the family qf insectivora ; or that these same teeth 
have become stronger, and, instead of simple conic points, are armed with parts 
more or less incisive, and we shall in that case have the family qf camivora ; 
and in this latter family, according as the molar teeth are entirely cutting or 
incisive, or more or less mingled with blunt tubercles, we shall have either the 
^enus bear, of which almost all the teeth are tubercular ^ or that of dogs, which 
have only two tubercular ; or that of cats, &c., which have none tubercular, and 
which consequently are exclusively carnivorous, while the dog is capable of re- 
ceiving a certain amount of vegetable nourishment, and the bear may be entirely 
nourished on vegetable food. And herein lies one of the necessary relations 
between the organs which enables us to calculate with considerable certainty the 
proportions of the alimentary canal, from the extent of the tubercular surfjEtce of 
the teeth of animals, compared with the cutting or incisive surface. 

What has been here said might be easily exemplified as regards all other 
families, tribes^ and genera; and it will hence be seen that the simple placing of 
an animal in one of these groups, teaches us as exactly as* the most detailed 
description, all that relates to the organization of that animal, or to the degree 
of organization which corresponds to the group in which it is placed. Let me be 
told, for instance, of some creature that its place is in the genus cat, and I shall 
at once conclude not only that its molar teeth are all sharp or incisive, as being 
a cat, but further, that it has three sorts qf teeth, movable toes, &c,, as being car- 
nivorous; that it has a dofible circulation and a complete respiration, as being 
a mammal; that it has, also, a spinal marrow, a canal composed of vertebra, 
five senses, &o., as being one of the vertebrata. Thus I shall know the whole of 
its organization from its place alone, and what will remain for me to say of it 
will, of course, be reduced to a few words, for the indication of its proper or 
specific characters. 

Now, as the number of known beings is immense, and, immense as it is, can- 
not fail to be much more augmented, we perceive the advantage of, being Able 
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thus to substitute a few words for a complete description ; of having to say nothing 
of each species but what is proper to it ; of being able to supply, by its place 
alone, all that it has in common with all the rest of the kingdom ; but we also 
perceive that, for method to afford this advantage, it is necessary both that all 
its groups should be rigorously subordinated among one another, and that each 
of them should comprise only beings of the same structure. 

Groups well constituted, aJone admit of general propositions. Without gen- 
eral propositions there can be no method ; without method no brevity; the high- 
est merit of all science in which the number of facts is immense, as it is in every 
branch of the history of the beings of nature. A gentis, a family, an order^ ill- 
constituted, stands in the way of every general proposition relating to that genus, 
family, or order. Thus, by placing tne siren and the eel in the same genus, 
Gmelin rendered it impossible to gay anything general upon that genus; by 
placing the cuttle-fish and the fresh-water polyp in the same order, he^made it 
impossible to say anything general upon that order ; and by placing the mol- 
lusks, the worms, and the zoophytes in the same class, Linnaeus had rendered every 
general proposition relative to that class impossible, &c. 

By means of well-constituted groups, then, we are enabled to say, at one time, 
for all the species they contain, what it would have been necessary, otherwise, to 
repeat as many times as there had been species remaining dispersed and detached. 
But, among all these groups, and under the point of view with which I am here 
concerned, the genera have an importance which is proper to themselves. It is, 
that being the first approximation qf species, all the rest of the scaffolding is, so to 
say, founded upon them, and an ill-constructed genus would suffice to break the 
untiy of a family, of an order, of an entire class. Besides, being nearer t6 the 
species, the more they shall combine only such species as are conformable with 
one another, the less there will remain to say for each of them ; and it is herein 
that may be seen all the inconvenience of those large genera, into which, even 
of late, so many incongruous species have been thrust, and all the advantage of 
intersecting those genera by sub genera — ah^py expedient which forestalls con- 
fiision, by approximating in a closer manner the species which present resem- 
blances more particular or more intimate. •••••• 

But all this work of genera, sub-genera, &c., of which we have been speak- 
ing, supposes a work not less considerable, the positive establishment, namely, 
of species ^& point in which the animal kingdom presented not less confusion 
than in all the others. It was not sufficient to have remodelled or created almost 
all the divisions of that kingdom ; it was incumbent on M. Cuvier to revise all 
the species, to revise them one by one, and even their synonyms; for sometimes 
several were confounded under the same name, sometimes a single one passed, 
under different names, for several ', and this criticism of so many names, imposed 
right or wrong, on such a number of species, was assuredly neither the part of 
the work which offered least difficulty to the author, nor that which has saved 
his successors least embarrassment. It suffices, in effect, to cast the eyes on the 
works upon natural history which have appeared since the first edition of the 
Begne animal, to see the happy fruits which have resulted from these labors 
upon synonyms of which I now speak, and that art of establishing divisions in 
the comprehensive genera of which I had been previously speaking. 

I have said, with reference to branches, and again vhth reference to classes, 
that each of these groups is definitely circumscribed ; as much may be said of all 
other groups in every degree. Linnaeus had pronounced that " nature makes no 
leaps r and Bonnet, that " the chain of beings is but one continuous line." The 
very reverse of these propositions would be much more exact. The truth is, that 
the different groups are separated from one another by intervals more or less 
marked and profound -, and there is, in the veiy organization of the animals, an 
evident reason for all these interv^. 

The organization of an animal is only, in effect, a certain combination of organd ; 
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bat an GombinationB of organs are not possible. For example, a stomach of one 
of the camivora necessarily supposes incisive teeth for rending its prey, movable 
toes for seizing it^ &c. ; for a like reason, animals with hoofs are, of necessity, all 
herbivorauSy because their immovable toes would not allow of their seizing a liv- 
ing prey — ^their molar teeth, with a flat crown, could not tear it, &c. There is a 
necessary harmony, therefore, which regulates the combination of organs ; there 
are such as exclude one another, such as necessitate one another, so that all com- 
binations are not possible ; and it necessarily follows, if only from the fact that 
all combinations of organs are not possible, that there must be certain gaps, cer- 
tain chasms between the possible combinations and the impossible, or between 
different groups of creatures ; and that this sort of hiatus is determined by the 
laws or conditions under which these creatures exist. 

The first edition of the E^^^ animal (which itself succeeded the Tableau 
ilementaire de Vhistoire natureUe des a/nimaux, wherein the first germs of Guvier's 
ideas on classification had been developed) occupied but four volumes, the second 
five ; of wljich the last two, relating to the crustaceanSj the arachnids, and the 
insects, were the work of M. Latreille, who, as M. Cuvier himself pronounced, 
had, " of all the men of Europe, studied those animals the most profoundly." 
It may well be supposed that a work of the nature of that of which we speak, a 
work which, on its appeamnce, became at once the guide of all zoologists, would 
be translated into all languages. It was so, in effect, into English, by M. Grif- 
fith ; into Italian, by the Abb6 Eanzani ; and into German, by M. Schinz. 

ni. — ^NATUBAL HISTORY OE FISHES.* 

This work may be considered under two distinct relations : under that of the 
great number of new species with which it has enriched zoology, and under that 
of the application which the author has therein made of the empirical laws of 
method to a definite class of the animal kingdom. I shall say but a few words 
on the work considered under the former point of view, which would adapt itself 
but little to the philosophical studies which I have in hand. 

Aristotle knew and named 117 kinds of fish ; Pliny knew but 95 or 96 j Oppian 
names 125 ] AtheufiBus, 130 ; ^lian, 110 ; Ausonius names for the first time the 
salmon-tfout, the common trout, the barbel and some other fresh-water fishes. 
In all, the ancients had distinguished and named 150 species of fish ; only about 
40, therefore, had escaped the research of Aristotle ; and, as regards the structure 
of these animals, nothing was added to what he had said. In the middle of the 
16th century Rondelet, Belon, and Salviani make their appearance j the three 
original authors who founded ichthyology, Belon describes and names about 130 
fishes ; Salviani, 99 ; Rondelet, 244, of which 197 belong to the sea and 47 to 
fresh water. ^Neglecting some secondary authors, if we come to Ray and Wil- 
loughby, we find the number of known fishes already more than 400 ; the same 
is nearly the case with Artedi and LinnsBus ) there are about 1,40.0 in Bloch and 
Lac^pdde ; there are nearly 5,000 in the work of M. Cuvier. • • • * 
But to come at once to the philosophical part of the work under consideration, 
we proceed to the distribution of species, or rather to the views which have gulled 
the author in that distribution. Aristotle had recognized that the true characters 
of fishes consist in the hranchise (gills) and ,in the fins. The class of fishes is 
composed, therefore, of vertebrate animals with these appendages j the features 
common to aU being the vertebrce, or, more exactly, an internal skeleton, (for 
the vertebrflB do not alone compose that skeleton,) the hranchuB and the fins. 
The differential features are an osseous or a cartilaginous skeleton ; gills, now 
free, now fixed; fins, sqfi or spinous-, ventral fins placed by turns before, behind, 

* The first yolume appeared in 1828 ; 8 of the 20 yolnmes, which the work was intended to 
comprise, were pnblisned before Cavier's death, and several others have since made their 
appearance through the care of M. Valenciennes, tlie coadjutor of Cuvier for the entire work. 
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or under the pectoral ; teeth placed by turns on the intermaxiUaries, the maxiHarieSy 
the vomer J tbe palatine^ the tongue, the arches qf the branchia, &c. ; the 
form of these teeth, plate-like, vUliform, pointed, &c. ; the opercula or covers of the 
branchiae, whether smooth, scaly, serrated, sharp-pointed, and armed with spines, 
or obtuse and without spines, &c. ; and it is on the varied combination of 
these differential features or characters that all the different methods which have 
been successively imagined for the classification of fishes depend. 

It will be readily understc*>d that he who should employ but one or two of 
these characters would have only an artifidat or incomplete method, like Linnaeus; 
that he who should indistinctly employ them all would have only a confused 
method, like so many ichthyologists, and that the naiurcd method — that is to say, 
the exact and complete one— consists at once in employing them all, and in 
employing none but according to the relative order of ite importance. There are 
two points, in effect, which control the whole idea of a natural method : one to 
employ only true characters ; the other to accord to each of these characters only 
the precise degree of its importance. But, to employ only true characters — ^that is 
to say, not to attribute to such or such a species such or such a character which 
it wants, and, reciprocally, not to suppose it destitute of such or such another 
which it possesses— we perceive that it is necessary to know all the species. On 
the other hand, to attribute to each character only the degree of its importance, 
we perceive that this complete knowledge of species, in itself so vast and so diffi- ' 
cult, still would not suffice, and that it is, moreover, necessary to have compared 
these characters under all their relations j that it is necessary to have varied, multi- 
plied, exhausted all their combinations. 

Now, on these two points which constitute, in fact, the whole of ichthyology — 
that is to say, both for the determination qf species and the valuation ^ the 
characters according to which those species are composed or discriminated up to 
the time of M. Cuvier— everything was yet to be done. The species of fishes 
were not known ; the proof of it is in every page of the book we are considering. 
No just idea existed of the characters which decide tl^eir union or distribution, 
the proof of which is found in those perpetual transpositions undergone by the 
satno species in the different classifications of authors. • • • • 

rV. — LECTUEES ON COMPABATIVB ANATOMY.* — LAWS OF ANIMAL. ORGrAJS- 

IZATION. 

Two great laws control and comprise all the others j the first is that of organic 
correlations ; the second that of the subordination qf organs, 

A necessary correlation binds all the functions one to another. Respiration, 
when executed in a cu'cumscribed respiratory organ, cannot dispense with circu- 
lation, for it is necessary that the blood should arrive at the respiratory organ, 
the organ which receives the air, and it is the circulation which carries it thither ; 
circulation cannot dispense with irritability, for it b irritability which deter- 
mines the contraction of the heart, and consequently the movements of the blood ; 
muscular u-ritability, in turn, cannot dispense with the nervous action. And if 
on^ of these things is changed, it is necessaiy that all the others should change. 
If circulation is wanting, the respiration can no longer be circumscribed; it is 
necessaiy that it should become general, as in inseq^s ; the blood no longer seek- 
ing the air, it is necessary that the air should seek the blood. 

There are organic conditions, therefore, which call for one another ; there are 
such as exclude one another. A circumscribed respiration necessarily demands 
a pulmonary circulation ; a general respiration renders a pulmonary circulation 
useless, and excludes it. Everything is thus regulated by necessary relations. 

* Two Yolames of this work appeared in 1800, three more in 1805. In the former, M. 
Cavie/ had for his coadjutor M. Dum^ril ; in the latter series he was assisted by M. Duvemoy, 
who is publishing at the present time a second edition of the entire work. ^ t 
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The mode of respiration is in constant dependence on the circulation, which car- 
ries the blood to the air, or to the organ which receives the air ; the force of the 
movements is in constant dependence on the quantity of the respiration, for it is 
respiration which restores to the muscular fibre its exhausted irritability. 

The quantity of respiration everywhere determines the vigor, the rapidity, and 
the kind of movement. The movement which requires most muscular energy is 
that of flying, and the bird has a double respiration. The mammal has move- 
ments more Hmited, and it has a simple respiration. The reptile has movements 
more feeble still, and it has but an incomplete respiration. The bird respires 
not alone by its lungs, but by its whole body. The air, after having traversed 
the lungs, which are transpierced like a sieve, penetrates into the cellules of the 
abdomen, into the cavities of the bones, &c. It is, thei-efore, not alone the blood 
of the lungs, but the blood of the whole body, which respires. The mammal has 
but a simple respiration, for there is but the blood of its lungs which respires ; 
but this simple respiration is complete, fo* all the blood of the body passes 
through the lungs before returning to the members. Finally, the reptiles have 
but an incomplete respiration j their pulmonary circulation is only a fraction of 
the general circulation ; there is but a part of their blood which respires, or 
which, returning from the members to the heart, passes from the heart to the 
lungs before returning to the members. Hence, the reptiles have only cold blood, 
only slpw movements, interrupted by long repose ; they are all subject to hiber- 
nating torpor, &c. On the other hand, lish have a complete pulmonary circu- 
lation J but they have only an aquatic respiration, that is to say, an imperfect 
one, since they hfive, for respiring, only the small quantity of air contained in the 
water ; quite the contrary of what has been just said of reptiles, which have an 
aerial or perfect respiration, and an incomplete pulmonary circulation. 

Now, these two things are mutually compensatory : an aerial or perfect respi- 
ration is compensated by an incomplete pulmonary circulation, and a complete 
pulmonary circulation by an aquatic or imperfect respiration. Fish, therefore, 
have only cold blood, like the reptiles — only movements which require little 
muscular energy, &c. Thus, there are in vertebrate animals four definite degrees 
of respiration : the complex respiration of birds, the simple but complete respi- 
ration of mammals, and the incomplete respiration, incomplete by two diflferent 
means, of reptiles and fishes. And there are four kinds of movements which 
correspond to these four degrees of respiration : the flight of the bird, which cor- 
responds to the duplicate respiration ; the step, the leap, the run of mammals, 
which correspond to the complete, but single respiration ; the crawling of the 
reptile, a movement by which the animal does no more than drag itself along 
the earth j and the swimming of the fish, a movement for which the animal hai» 
need of being sustained in a liquid, the specific gravity of which is nearly equa) 
to its own. And as of movement, so too of digestion. The greater the capacity 
of respiration, the more rapid the digestion. The most rapid digestion is tha*^ 
of the bird, the slowest that of the reptile ; the bird surprises us by the frequency 
of its repasts, the reptile by the duration of its abstinences. 

Everything in the bird is formed for flight. It required a wing of wide sur- 
face to strike the air ; for this wing large muscles were needed to move it ; these 
muscles required very large bones for their insertion. And the bird has a sternum 
developed into a salient blade, into a crest, it has a pectoral muscle relatively 
enormous, &c. So much for the exterior j internally, it has a duplicate respira- 
tion, an animal heat and muscular energy which correspond to that respiration j 
and, for this duplicate respu-ation, it has lungs perforated like a sieve, air-cells, 
which are the appendix of its lungs, &c. Nor did all this suffice j my own exper- 
iments have shown that the brain is composed of three parts essentially 
distinct:* the cerebrum, exclusive seat of intelligence j the cereMlumy seat of the 

* See my Recherckes exp6nmentale$ $ur U$ propriilis et Us fonctions du sysUme nerveux, 
&c. Second edition, Paris, 1842. r^ ^ ^ /^T /> 
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pTinciple which governs or coordinates the movements of locomotion; the 
meduUa oblongata, seat of the principle which controls the movements of respira- 
tion. Now, in the bird, the part of the brain which, relatively to the brain of 
other vertebrate animals, predominates, is precisely that which governs or co-ordi- 
nates the movements of locomotion ; it is the cerd)ellum. All the parts, all the 
functions, all the modifications of the parts and of the functions, are Uierefore 
formed each for the others, and all for a given parpose. 

We have seen this as regards respiration, as regards the act of flying, &c. It 
is easily shown as regards digestion. The system of an animal is, in effect, by 
no means an arbitrary thing. It is not by hazard that incisive teeth coincide 
with a single stomach ; flat and dull teeth with a multiple stomach ; flat teeth, 
a multiple stomach, with a herbivorous diet, &c. A single one of those things, 
necessarily supposes all the others, or excludes them all. An animal with long 
intestines, a multiple stomach, flat teeth, is necessarily herbivorous. A carniv- 
orous animal has, necessarily, incisive teeth, a single stomach, short intestines ; 
it has, moreover, and just as necessarily, divided and movable digits, to seize its 
prey ; and, even in the brain, it has a peculiar instinct which impels it to nour- 
ish itself on flesh. Never will such an instinct nor an incisive tooth co-exist in 
the same animal, with a foot enveloped in horn, for these things are incompatible 
and contradict one another; the animal in which they presented themselves 
together could not subsist. The laws of organic corrdaHons, properly viewed, 
are the venf condiiions qf tJte exisience qf beings. 

After the law of organic correlations^ comes, as we have said, the law of the 
subordination qf organs, A recognized subordination everywhei'o subjects cer- 
tain organs to others : the organs of locomotion to those of digestion ; the organs 
of circulation to those of respiration ; all functions and all organs to the nervous 
system. Circulation, for instance, does or does not exist, according as respira- 
tion is conducted in such or such a manner. All animals with a circumscribed 
respiration (the vertebrata, the mollusks, the Crustacea, &c.,) have, necessarily, 
a circulation ; for it is necessary that the blood should arrive in the organ which 
receives the air, and it is the circulation which carries it thither. The insects, 
in place of a circumscribed respiration, have a general respiration, exeotited by 
means of tracheae, which carry the air everywhere j in their casCi there was no 
need of circulation, and there is none. 

The same subordination connects the organs of locomotion or o{ prehension with 
the digestion. And such is the force of this subordination that one of these organs 
seems incapable of making any progress without manifesting a similar progress 
in the other. Thus, for example, the ruminant animals have, in general, neither 
canine nor incisive teeth in the upper jaw, and there are but five bones to theur 
tarsus ; the camel has canines, and even two or four incisives in the upper jaw, 
and already we observe an additional bone in the tarsus, because the scaphoid is 
here not consolidated with the cuboid ; further, the common ruminants have, for 
the whole ^Z^wZa, only a small bone articulated at the base of the t^Ubiaj and the 
chevrotain or moschuSy which has canines well developed, has a distinct and 
complete fibula, &c. 

V.^OMPARATTVB OSTEOLOGY. 

This branch of science, sprung from the labors of Daubenton,of Camper, of 
Pallas, has become, in the hands of M. Cuvier, a new instrument ; it was by 
comparative osteology that he reconstructed the lost species of ancient worlds ; 
and it is well worthy of remark that in this long and laborious series of researches 
and efforts none of these learned men ever diverged from the domain of positive 
facts. Such, effectively, is the empire of these facts over the human mind that, 
except in their default, it scarcely ever throws itself into the domam of con- 
jecture and hypothesis. In almost every line it is only when the facts are not 
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known, or begin to be exbansted, tbat recoarse is had to Bystems; and what is 
nnfortanate for the history of science is not the mania of systems, which prevails 
before the acquisition of facts, but that which seeks to reproduce itself afterwards. 

The great work of M. Cuvier on fossU bone^ shows that there is not a single 
bone, a single part of a bone, of which the study is not valuable, necessary, often 
indispensable, for the distinction of fossil species firom existing species. This 
^work seems everywhere a living proof of the saying of a celebrated writer, that 
never, except in the profound study of details, have the secrets of nature been 
surprised ; and it cannot be observed without pain that while there remain to 
be discovered any of those facts of which the least circumstances possess such 
an importance, so many authors turn away from this curious and solid research 
for so many other researches as vain as they are idle ; these, for example, choosing 
to discover, in any event, all the parts in each ; the entire body in the head, the 
members in the jaws, the thorax in the nose, &c., those, making by turns the 
pieces of an apparatus pass into another, in order thus to arrive at a unity of 
number which this overturning of everything does not itself yield them. The 
object of M. Guvier, it may easily be conceived, was not to follow the authorain 
question into these researches, more hardy than philosophic ; he nowhere pretends 
to find in an apparatus either representations of parts foreign to that apparatus, 
or constant numbers of pieces or bones, but he seeks how far the correspondence 
of these pieces eoes and where it stops. 

At no epoch has it been possible to compare the different beings which compose 
the animal kingdom without remarking, at the same time, their resemblances and 
their differences, and the difficulty ha^ never been other Ihan to fix the precise 
limit between the analogies which constitute, on the one hand, the characters 
more or less general of species, and the differences which, on the other, constitute 
their characters more or less distinctive and peculiar. Hence arise two branches 
of the same study, which both date from the first ages of science ; one the search 
for analogies, the other the search for differences. I^ow, it is readily conceivable 
that, according to the epoch, such or such of these researches should appear mon 
or less important in relation to the other ; but, at bottom, it is easy to see that 
one always supposes the other, and that it is neither the evident analogies nor 
evident dissimilitudes which could ever have been the subject of serious disous- 
fflion, but, in truth, the real differences hidden under apparent analogies, or 
inversely, the analogies hidden under differences. In a word, as it is impossible 
to mark the point where dissimilarity commences without marking that where 
analogy ceases, it would be impossible to carry the study of differences as far 
as M. Guvier has done without recognizing the point where the analogies com- 
mence ; and perhaps it was necessary, in effect, to exhaust first the study of differ- 
ences in order to be sure of allowing no analogies afterwards to stand but such 
as are real and incontestable. 

However this may be, the profound sentiment that an immense analogy, oc 
rather that analogies of all kinds bind together more or less all the beings of tlM 
animal kingdom, is a sentiment which, as I have just said, dates from the finst 
ages of science. The whole work of Aristotle beeufs on the conformity of the 
different species with one another, and of all with man, taken as a common term 
of comparison. Buffon wonders at the constant uniformity of design, and asks 
if this latent resemblance be not more surprising than the apparent differences 
(Histaire de Vame). Daubenton points out the conformity of structure in the 
greater part of the skeleton, and particularly in the foot — ^that is to say, the part 
of the skeleton which varies the most {Description du cheval). Gamper,intwo 
ingenious discourses,* dilates on the astonishing analogy between the structure 

* Diseours $ur Vanalogie ^u't/ y a sntre la structure du cms humain et celle de$ quadru- 
p^des, Sfc, — Belon, before Cam^r, bjr placing vertically the skeleton of a bird, had rendered 
conspicaouflamaltifcadeof relations till then onnoticed, with the human skeleton. Bisioirs 
de la nature ee aifeaux, ^c. r^ 1 
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of the haman body and that of quadrupeds, birds, and fishes, and shows how, by 
gradual changes from a horizontal to a vertical attitude, it is possible " to trans- 
form a cow into a bird, a quadruped into a man, &C.'' Finally this striking idea 
is seen pervading the writings of Yicq-d'Azyr, who says that*' nature seems always 
to work after a primitive and general pattern, from which she deviates only with 
reluctance ; that we observe everywhere those two characters which seem impressed 
on all beings, that of constancy in the type and variety in the modifications."* * 

Nevertheless, this opinion of a constant uniformity of design, of an astonishing 
anahg^j of a primitive and general pattern, rested as yet only on a perception 
vague and more or less confused. And it is in our own times alone that this 
complicated question of the analogy qf structure has been disentangled and 
divided ; that it- has adopted as a field of discussion determinate and precise 
facts ; that, become a positive question, it is capable of being discussed in a 
rigorous and detailed manner. 

This question has been termed the question of unity of organization; it might 
quite as well have been termed the question oi variety of organization ; all depends 
in effect on the point of view under which it is considered ; for since tjiere are 
different species of animals, unity here supposes necessarily a certain variety ; 
and since, on the other hand, these different species all resemble one another, 
at least on that common ground which consigns them to the same kingdom, it is 
evident that this variety necessarily supposes also a certain unity or conformity. 
The true title of the question, or rather its true object, was therefore the deter- 
mination of the limits where stop, by turns, the resemblances and differences in 
the organization of animals; an organization at once so similar and so varied. 
Once divided, as I have just said, the question has taken quite another aspect. 
The general resemblance of animals has been no longer concluded from souie 
particular resemblances, nor limited to certain branches, to certain clas^. An 
regards the osseous system, for example, it had been presently perceived that, 
only pertaining to vertebrate animals, this system can only yield results limited 
to that embranchment, to that type. The resemblances of the osseous system 
which testify so strongly to a common ground-plan, to a unity of structure, testify 
to them, therefore, only in reference to the sole type which possesses an osseous 
system, the type of vertd)rates. 

Considered collectively, the osseous system forms the skeleton, which is 
divided into several parts : the apparatus of the vertebra, that of the cranium, 
those of the face, of the ear, of the hyoide, of the opercula, of the ribs, of the 
sternmn, of the shoulder, of the pelvis, of the limbs. Now, there is not a mem- 
ber of thift diversified apparatus which does not, in the different classes, vary in 
the form, the number, the complication of the pieces which constitute it. For 
the most part, and saving the variations just spoken of, they are reproduced in 
all. There are, however, some which are wanting in such and such a class ; 
there are some which are the exclusive attribute of a single one. The question 
is to see what is the particular character of each apparatus in each class ; that is 
to say, of what pieces it is there coinposed, what there is the form and the com- 
bination of those pieces. Now, such an examination shows that, among all these 
parts of which the skeleton is composed, some are essential, and hence more con- 
stant ; others accessory, and hence more variable ; that the vertebrae, the cra- 
nium, which lodge the spinal marrow, the encephalon, may readily vary from one 
class to another in the number and form of their bones, but are found in all ; 
that, on the contrary, the ossicles of the ear, the opercula, the limbs, &c., nil 
accessory and subordinate parts, may be wanting, and are so in effect, when the 
conditions of audition, of respiration, of locomotion, are no longer the same. 
These are analogies, then, graduated like the importance of the parts which pre- 
sent them ; each part has its proper limits, both of variety and analogy ; each 
should be studied apart ', and it might hence be said that there is a particular 

"" • See especially hia memoir " Sur U paruUile dt$ extremU6s. *<:.!SOOQ1c 
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comparative osteology of each osseous apparatos; as there is a general compara- 
tive osteology of the whole system. 

The cranium, that most complicated apparatus of the skeleton, presents, in 
all mammifers, a composition very nearly the same ; we may there follow each 
bone, from man to the quadrumana, from the quadrumana ty the camivora, to the 
rodentia, to the edentata, the pachydermata, the ruminants, the cetacea ; every- 
where are i^cognized frontals, parietals, occipitals, temporals, the sphenoid, the 
ethmoid ; and they are everywhere recognized as well by their position as their 
use. It is as much if the interparietals appear to be wanting in certain species. 
It is the same with the face. The bones of the nose, of the cheek, of the jaws, 
of the palate, &c., are never wanting. The lachrymals alone fail in the phocse, 
the dolphins, &c. All other differences of number are but apparent, and result 
only from the greater or less promptness with which, according to the species, 
the bones or parts of bones, constantly separated in the first stage of life, unite 
and are confounded in adult age. It is thus that, according to the species, the 
occipital, the parietal, the sphenoid, the temporal, &c., appear sometimes single, 
sometimes double, triple, or quadruple ; but when we recur to the foetus the occi- 
pital is always divided ihto four parts, the parietal into two, or rather into four, 
counting the inter-parietals, which, in the end, constantly become united there- 
with, the temporal into four, the body of the sphenoid into two, &c. Thus, in 
the mammals, there is a normal number for the bones of the cranium ; and when 
this number appears masked by the obliteration of the sutures in the adult state, 
the primitive division is always reproduced and restored in the foetal state ; and 
what I say of the bones of the cranium may be said also of the bones of the 
face, and of their more numerous subdivisions in the earlier stages. 

It would naturally be curious to see whether this singular analogy was main- 
tained in the other classes, in the birds, the reptiles, the fish ; whether the same 
number of bones is there everywhere reproduced ; whether, masked in the adult 
state, it would appear in the foetal ; whether, in fine, reptiles and fish, in which 
the bones of the cranium are always much more numerous, could be regarded as 
corresponding in this respect to the early age of birds and mammals. This 
interesting question was successively treated by M. Cuvier in reference to rep- 
tiles {Benches sur les ossemens fossUes, tome 5,) and to fish {Ristoire naturelle 
de$ paissons ;) it will suffice to indicate here the manner in which he has resolved 
it relative to reptiles. 

The reptile whose head presents the most striking traits of conformity with 
that of the mammifers is the crocodile ; from the crocodile M. Cuvier passes in 
succession to the tortoises, the lizards, the serpents, and finishes with the batra- 
chians, which conduct from reptiles to fish, as the crocodile from reptiles to mam- 
mals. The head of the crocodile is composed of a much greater number of 
bones than that of the adult mammifer, but by recurring to the foetus of this 
last class we recognize in the head of the crocodile and that of the mammifer 
very nearly the same number of bones. Thus M. Cuvier, after having found in 
the crocodile, and in the same place as in the mammals, the intermaxillary 
bones, the maxillary, the nasal, the lachrymal, the jugal, the palatine, the ethmoid,* 
the body of the sphenoid, the parietal, finds also, and again in the same place, 
the occipital, but divided into four parts, as it is in the foetus of mammals, the 
great wings of the sphenoid, vestiges of its lesser wings, its internal and external 
pterygoid wings, but all these parts separate from the body of the bone, as they 
aU are, except the last,t in the mammal at its earliest age; finally a temporal 

* With its cribriform lamina, its lateral wioffs, its superior comets, its yertical lamina, bat 
ftll these pieces or dependences of the ethmoid, in great part, in a cartilaginous state. 

1 For this reason M. Cuvier gives the special name of transverse bone to the external pteir- 
goid apophysis, which, in the mammals, is not at any age effectually separated from the 

Seat temporal wing. It is, therefore, not properly a new bone, but a dismemberment of 
e sphenoid, as the frontal bones, anterior and posterior, are dismembermentsof the firontoL 
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bone, but composed of four boneB, as it is in the foetal mammals, the squamosal, 
the mastoid, the cavity of the tympanam, and the petrous bone. There remained 
only the bones which correspond to the frontal to reduce to analog, but these 
bones are six in number in the crocodile, and as the frontal of mammilers is never 
divided but into two, M. Guvier was obli^d to admit here a peculiar dismem- 
berment of this bone, a dismemberment which, in the crocodile, or, to speak more 
generally, in the greater part of oviparous vertebrates, subdivides *each of the 
two frontals of mammals uto three others, the princijMd, the anterior, and the 
posterior frontals. 

This determination of the bones of the head of the crocodile, compared with 
those of the head of mammals, being once established, it is easy to refer to it, as 
a sort of type, the bones of the heaa of all other reptiles, particularly tortoises, 
lizards, and serpents. Thus, with due r^ard to the differences of form and pro- 
portion, the greater part of the bones of me crocodile reappear in the head of the 
tortoise; but this head wants the nasal bones, which are here represented only 
by cartilaginous laminae, the transverse or external pterygoid and the lachrymal 
bones. Moreover, the parietal, which is single in the crocodile, is double in the 
tortoise ; but in the lizards this parietal again becomes single, the lachrymal and 
transverse bones reappear, a new bone is disclosed which M. Cuvier calls cdlumeUaj 
&;c.; all but slight differences, which do not hinder us from recognizmg throughout 
the predominance of one same plan in the heads of the crocodile, the tortoise, 
and the lizard. v 

A new and more difficult study commences with the hatrtuMans, First, the 
general composition of the head is singularly simplified. We find here only the 
two lateral occipitals, with neither upper occipital nor basilar ; a single sphenoid 
with neither temporal nor orbital wings ; a single bone replaces at once the 
principal frontal and the ethmoid ; there are no posterior frontals, but there are 
two anterior frontals, two parietals, and two petrous bones. Nor is the face less 
simplified, for the transverse forms only one with the ptery^id, the temporal but 
one with the tympanic, and there is no mastoid. The cranmm of the frog, there- 
fore, has but 10 bones, one ethmoid, two frontals, two parietals, two occipitals, 
one sphenoid, two petrous bones; its face has but 16, two intermaxillars, two 
maxillars, two nasals, two palatines, two vomers, two pterygoids, two tympanies, 
and two jngals or zygomatics.. In all, its head has but 26 bones, while that of the 
crocodile has nearly 40. And this difference of number presents itself in each par- 
ticular apparatus of the face ; thus the lower jaw of the crocodile has six bones 
on each side, and each side of the jaw of the frog has but three, &c. 

I have said that the apparatus of the vertfbrtB is, with that of the cranium, the 
most constant ; each vertebra may itself be considered as a small distinct appa- 
ratus, composed of a certain number of bones, which is not the same for all the 
vertebrae in each species, nor for each vertebra in all the species; the atlas of 
the crocodile has six bones, its axis has five ; the atlas of the tortoise has only 
four, that of the monitor three, &c. But it is chiefly by their total number that 
the vertebrae vary from one class to the other, and even 'in the different orders, 
the different genera of each class. Not to depart here from the reptiles, the 
crocodile, for example, has 26 vertebrae — 7 cervical, 12 dorsal, 5 lumbar, and 2 
sacral; 200 are counted in the adder, the boa, &c. ; the frog has but nine. As 
regards other apparatus of the animal system, being only accessory, the greater 
part may be wanting, and is wanting, in effect, in such or such a class, such or 
such an order, such or such a genus, &c. The hinder extremities frdl in the 
cetacea, both the anterior and posterior extremities in the serpent, the ribs are 
absent in the frog, the auricular apparatus in fishes, &c. 

Nothing is better calculated to give a just idea of the manner in which a certain 

General conformity is combined in certam cases with all the variations of detail 
lan what is seen in the shoulder and the sternum. The shoulder j which is com- 
posed, in the mammifer, of but one bone, the scapula, or of two, the scapula and 
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tbe clavicle; lias always three in the bird : the scapula or omoplatey the clavicle, 
and the coracoid bone; it has only two in the crocodile; the scapula^ and the 
ooracoid, the tme clavicle bein£^ wanting ; the three bones reappear in the lizards ; 
there are two in the tortoise, the scapma and coracoid, or perht^ three, for there 
are traces of a clavicle ; there are certainly four in the firog, the clavicle, coracoid, 
and an omoplate, divided into two pieces; and, what is remarkable, it is precisely 
of these two pieces of the omoplate that the shoolder of fishes is composed. The 
sternum in the crocodile is a single bone ; in the tortoise it is always composed 
of nme pieces ; it recovers in the nzard the simplicity which it exhibits in the croco- 
dile ; it has bat two ossified pieces in the frog; a sort of sternum is hardly dis- 
coverable in certain fishes ; in the mammals, on the contrary, it is highly developed ; 
here we count a^ many as seven, eight, nine pieces, placed ordinaiily on a single 
line ; and as to birds, there are five pieces in the gallinacea*; there are not more 
than two in ducks ; its composition is again changed in pigeons, in sparrows, in 
birds of prey, &c. Thus the sternum not only varies from one class to another, 
it varies in the same class, and that in the very class of birds where, in general, 
unity or conformity of organization is so constant and conspicuous. 

But, in reference to this question of osteological unity in vertebrate animals, 
there are two ^paratus which have a peculiar importance : these are the aurictdar 
and the h^md apparatus. By the auricular apparatus we here designate a chain 
of small bones, placed within the tjrmpanum of the ear, and which extends from 
its membrane to the fenestra ovcUis, In the mammals we count always four 
of these small bones, the malleus, the incus, the lenticular, and the stapes ; in 
the birds we find but one, formed of two branches, one of which adhered to the 
tympanum, the other presses upon the fenestra ovalis ; in like manner a single 
ossicle replaces, in the crocodile, the four small bones of the ear of mammals ; it 
is a stapes still more simple than that of birds; * there is but a single ossicle in 
the tortoise, the lizard, the serpent; in the firog, the auricular chain.might be pro- 
nounced somewhat complex did it not remain in ^at part cartila^nous ; lastly, 
in the salamanders, the sirens, the protei, the last auditory ossicle itself, the 
stapes, is reduced to a simple cartilaginous plate. From this to the complex 
apparatus of the mammals is certiunly a wide interval, and when we thus fallow 
step by step this successive simplification, when we arrive thus at that final 
reduction of the whole apparatus to a simple cartilaginous plate, we recognize 
the full force of M. Cuviers opinion that this apparatus, after having disappeared 
in the aerial vertebrates, is not all at once restored in the class of fishes, there to 
form the qperculaf and that these opercula^ are consequently a special apparatus 
appropriate US this latter class. 

The £ACts which concern the inverse progression of the hyaid npparatus, that is 
to say, its gradual development from the mammals to fishes, are still more import- 
ant, and, m relation to theories of the skeleton, more decisive. In man this appa- 
ratus is composed of five parts : of a body, of two branches or anterior processes 
which suspend the hyoid to the cranium, and of two posterior ones which suspend 
the larynx to the hyoid. Even in the mammals the apparatus undergoes great 
modifications, depending on the form of its body, the soldering of this to the pos- 
terior branches more or less promptly, the number, shape, and proportion ,of the 
anterior branches. In birds these anterior branches are no longer attached to 
the cranium, but simply pass around and behind it ; to the back part of the body 
of the bone is soldered a single slender bone, on which. rests the larynx, and 
which, in itself alone, represents the two posterior branches ; in front is another 
bone which penetrates into the tongue, being the lingual bone. 

The hyoid of the crocodile is one of the most simple. Its body consists of a 

* We might, in truth, give tb% name of maiUus to that branch which in birds and croco- 
diles is inserted in the membrane of the tympanum, but still there would be neither incuM nor 
lenticular ossicle. 
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thick and broad cartilaginous plate, without any very distinct vestige of the pos- 
terior branches, and a single ossified piece, representing the anterior branches. 
The hyoid of lizards is much more complex, and that of the tortoise even more 
so than that of the lizard. ' • • • But it is in the batrachians, chiefly, that 
the hyoid acquires importance, and thus leads by degrees to the hyoid of fishes, 
so rich and complicated. To explain this richness of the hyoid apparatus in 
fish, recourse had been had to a pretended intercalation which has taken place 
of pieces borrowed at once from the sternum, the larynx, and the ribs. It will 
be perceived that the metamorphosis of the frog, which, in its first period, respires 
by bronchiflB or gills, like the fish, which at a later period respires by lungs, like 
the land animals, and the bronchial apparatus of which changes by degrees, 
and visibly, into a true hyoid, should have settled all difficulty in this respect. 
M. Cuvier, therefore) made this singular metamorphosis a detailed study ; he 
followed it in its whole progress ; he saw the branchise and branchial arches suc- 
cessively fall ; he saw the proper hyoid of the adult frog take shapes proportion- 
ably ; and at no time, even at that of the greatest complication, when the bran- 
chial arches and the branchiae existed, neither did the sternum nor the larynx 
take, nor could they take, any part in this whole composition ; for the branchial 
apparatus still very distinctly exists, with all its parts, which are clearly to be 
seen, as well as the larynx, with its dependent lungs, and the sternum, with 
the bones which rest against it. The hyoid of the salamander is metamorphosed 
like that of the frog, and the branchial apparatus, in the same way, still very 
distinctly subsists, although the larynx, the lungs, and the sternum, are also pres- 
ent; and all this acquires new force from what is observed so plainly in the 
axolotl, the proteus, the siren, animals in which the branchial apparatus exists 
simultaneously, and in a constant manner, with the larynx, the tracheal artery, 
&c. The branchial apparatus is, therefore, only a more complex hyoidian appa- 
ratus, and not one resulting from the combination of parts foreign to it, and 
derived from neighboring organs. 

Each apparatus has, therefore, its proper constitution ; it has its marked incre- 
ments and decrements; its parts change from one class to another in form, in 
number, in complexity ; and it is these very changes which determine the organic 
characters of classes, of orders, of genera, of species. What, then, must be 
understood by unity, or, to speak more exactly, by conformity qf organizationj 
by conformity of plan, in the vertebrate animals, at least in what regards their 
osseous system, if not an assemblage of graduated analogies, more constant in 
the essential apparatus, more variable in the accessory, and of which the limit 
cannot be given, for each apparatus, except by the direct and consecutive study 
of all the modifications of that apparatus, in all the classes f Now this consecu- 
tive study of an apparatus through all the classes, and of all the graduated mod- 
ifications which it undergoes from one class to another, is precisdy what consti- 
tutes the most distinctive feature of Cuvier's method, and the point which ought 
perhaps most to fix the attention of right-minded inquirers ; for it is on the rig- 
orous and special adaptation of the method to its object, that depends the exact- 
ness of the results. Now, what is here the question f Of following, of recog- 
nizing an apparatus through all its metamorphoses of number, of form, of com- 
plication of parts. And is it not plain that to lose sight of a single intermedi- 
ate metamorphosis would suffice to render impossible all recognition of those 
which follow, would be to lose the thread which connefcts one with the other, nay, 
to lose the apparatus itself T The principle of successive and graduated modifi- 
cations, employed by M. Cuvier, is one, then, of the most fruitful as well as most 
ingenious means of investigation with which he has enriched science, and the 
only one which can give, in a sure and precise manner, both the determination 
of each apparatus, and the limit of its anfiJogies or its dissimilarities in each clas& 
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VI. — RESEARCHES ON FOSSIL BONES.* 

The first object of this work is the comparison of fossil with living species ; 
. and this comparison bears principally on two classes of vertebrate animius : rfiam- 
mcUs and reptUes. The author commences this comparative history of the 
species of the ancient and the actual world^ with the pachydermata ; he contin- 
ues it with the ruminants, the camivora, the rodentia^ the edentata, and the ceta- 
cea; and concludes with the reptiles. The fundamental result of the whole 
work is, that no fossil species, or scarcely any, at least in the two classes of mam- 
mifers and reptiles, has its analo^e among living species. It has been already 
said that to arrive at this result, it was necessary that the author should review 
all the fossil species, that he should compare them all, and one by one, with all 
the living species, and it has been shown to what precise, rigorous, and almost 
infallible laws he has subjecteii the admirable art of reconstructing all thea^< 
lost species from their scattered remains. I shall apply myself here chiefly *\ 
another point : that of the particular and detailed comparison of fossil with exist- 
ing species. 

I begin, as M. Cuvier has done, with the pachydermata. This family, natural 
as it is, waa almost entirely overlooked by LinnsBus. Storr, who had clearer 
conceptions of ft, characterizes it by this definition : mammals with hoqfs with 
more than two toes. But without speaking of the amplotherium, a fossil species 
which has only two toes, and which is not the less a true pachyderm, it is 
evident, from a consideration of the whole structure, that the solipeds should be 
united to the ordinary pachydermata. The number of the toes, therefore, can 
no more be taken into consideration in this family than in the others. Cuvier 
defines it : animals with hoqfs, non-ruminants. Before him, the order or family 
of pachydermata comprised but five genera : the elephant, the rhinoceros, the 
hippopotamus, the tapir, and the hog. M. Cuvier introduced into it two other 
genera, the horse and the daman. • • ♦ Considered in their relations to the 
revolutions of the globe, the fossil pachydermata form two groups : the pachy- 
dermata of loose and alluvial formations, and those of the plaster quarries, so 
abundantly accumulated in the environs of Paris. To the former pertain the 
' fossil elephant, mastodon, hippopotamus, rhinoceros, horse, &c. ; to the second, 
the palsBotherium, the anoplotherium, the lophiodon, the anthracotherium, the 
ohseropotamus, the adapis. All the species of the first of these two ^oups are 
now lost ; but the greater part of its genera subsists. Not so with the second, 
in which both genera and species are equally extinct. • • * Beginning 
with the pachydermata of loose and alluvial formations, the first of these animals 
which M. Cuvier studied under this new point of view, of the comparison of 
fossil with living species, was the d^hant. 

Till then, almost everything relative to this singular quadruped was alike 
unknown. It was not known, at least with any precision, whetner there was 
only a single species of elephant or several species, nor, with stronger reason, 
whether the fossil bones might be referred or not to the living species. The first 
truly specific distinction of these animals, that which is foundea on the structure 
of their molar teeth, only goes back to Camper. Blumenboch had also seen this 
difference in the form and number of the laminae of the molar teeth, which dis- 
tinguishes the elephant of Africa from that of the Indies ; but so far this was 
all, and it is to Cuvier that we owe the determination of all the other differ- 
ences, derived from the bones of the skull, from those of the face, and of the 

* The first edition of this g^eat work, published in 1812, was scarcely more than the 
reunion of the memoirs, inserted successively by the author, in the Aunaiet du Uus6um 
d'histoire natureUe. The second edition appeared from 1812 to 1824. It is not only enriched 
with a great nnmber of new facts, but the entire work is recast throughout, and arrang^ in 
more methodical order. The third edition is of 1828, and is distinguished from the second 
by certain additions to the Mroducthnf which latter has been often printed separately, and 
has become celebrated under the title of Di»cour$ tur Us rivUutUnu de U suffau du globe. 
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entire skeleton. He shows that it is from these bones, especially those of the 
skull; as well as from their teeth, ears, &c., that the two living species, that of 
Africa and that of India, are distinguished from each other; thus the species of 
India has the head lonff, the foreheaa flat, or even concave, while that of Africa 
has the head round and forehead convex ; the former has the laminse of its molar 
teeth in the form of wavy or festooned ribands ; in the latter these lamins are 
lozenge-shaped; this last has larger ears and tusks, &c. As to the fossil species 
or mammoth of Russia, it is essentially distinguished from the two living species, 
and in particular from the species of India, to which, however, it is most nearly 
allied, by its molars, the laminsB of which are closer and straighter, by the alveou 
of. its tusks, which are longer, by its lower jaw, which is more obtuse, &c.; 
finally, the entire individual, discovered in 1806, on the coast of Siberia, has 
taught us that it bad two sorts of hair, a reddish, coarse, and tufted wool, and 
long, black and stiff hairs * To this it may be added that the bones of this 
last species are never found but in a fossil state, and that, on the contrary, the 
bones of the other two species are never found in that state. The fossil is, there- 
fore, a lost species. Further, its bones, dispersed through almost all the coun^ 
tries of the world, are always foimd in the same strata as those of the mastodon, 
the rhinoceros, and the hippopotamus. All these species, then, are of the same 
epoch, and are all alike extinct.^ Among them the species which approaches 
nearest to the elephant is the mastodon ; it was of the same general form, had 
feet of the same structure, a proboscis, and long tusks ; yet these were essential 
differences, as well from these tusks being curved in the opposite direction to 
those of the elephant as from the ckcumstance that the molar teeth, instead of 
being formed of transverse laoiinflB, presented a simple corona well furnished 
with tubercular or mauiillated prominences. The mastodon is the largest of 
fossil animals, yet I^aubenton fell into the error of referring a part of its bones 
to the elephant and another part to the hippopotamus. W. Hunter pointed out 
that the mastodon differs sensibly from both those animals. Camper showed 
that it more closely approximated to the first than to the second. Finally, M. 
Guvier has completely demonstrated that the mastodon was neither elephant 
nor hippopotamus, and that, though nearer to the former, it is essentially distin- 
guished fix)m it by its jaw-teeth ; and that not only as regards spiles but genus. 
That genus itself abeady comprises as many as six spi^ies, of which the most 
celebrated is the great mastodon or animal of the*OhiOy which has left its bones 
only in North America. Another species, long confounded with the latter, has 
been distinguished from it by M. Cuvier; this was the mastodon with narrow 
teeth, the bones of which are found in both continents. Of four other species, 
two pertained to America and two to Europe. The genus of elephants showed 
us but one species desti'oyed ; the entire genus of mastodons has perished. 

The genus hippopotamus, which, so far, is known to possess but one living 
species, numbers already several fossil species. The first or largest, and the only 
one regarding which some imperfect notions were entertained before M. Cuvier, 
differed nearly as much from the living species as the fossil elephant from living 
elephants. A second, the small fossil hippopotamus, differed much more. The 
others are as yet little known. The bones of the hippopotamus accompany, in 
many places, those of elephants and mastodons, but they are much more rare ; 
the upper Val d'Amo is hitherto the only site whore they have been found in any 
abimdance. 

After the genus hippopotamus comes that of the rhinoceros. Here, as with 
the rest, the osteology and the distinction of living species are always the two 
points of comparison to which the whole study of fossil bones and species refers 

* The bones which were shown at Paris, towards the commencement of the 17th century, 
as beiug the bones of King Teutobochus, and which were the subject of a long controversy 
bet ween Habicot and Riolau, are now at the muaoum. Thoj aro not those of an elephant, ai 
Eiolan thought, but of the mastodon. /^-^ i 
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itself. We know at present four living species of the rhinoceros. The first is 
the rhinoceros bicomiSy of the Cape, which has molars, but no incisors } the sec- 
ond is the rhinoceros unicomiSy of the Indies, which has incisors separated from 
the molars by a vacant space ; the third, the rhinoceros qf Sumatra, appears to 
form, as it were, an intermediate species between the two preceding, for it has 
two horns like the rhinoceros of the Gape, and incisors like that of India. The 
fourth is the rhinoceros unicornis qf Java. Thus, there are four living species ; 
two having one horn, two having a second horn. The number of fossil species 
is not clearly established. The most celebrated, that whose nostrils are sepa- 
rated by a bony partition, is found in Siberia, and in different parts of Ger- 
many. The second, that whose nostrils are not separated by a bone, has been 
thus far found only in Italy. Both species had two horns, and both appear to 
have wanted incisors. As to other species, to the number of two or three, they 
are as yet indicated only by a few fragments. It was to the specnes with parti- 
tioned nostrils that the entire rhinoceros, withdrawn in 1770 from the ice on the 
banks of the Wilhoui, belonged. This rhinoceros was covered with a thick coat 
of hair, much like the fossil elephant, which seems to prove that both could live 
at the north. "Thus," says M. Cuvier, "the cold counti-ies which suiTOund the 
pole must have had, at the epoch which preceded the last revolution of the globe, 
the great pachydermata, as they have now the great ruminants; the musk-ox, the 
bison, the elk, the Canadian stag, the reindeer, the great camivora, the white bear, 
the morse, and so many large seals.'' 

We know, as yet, only the lower jaw of the elasmotheriumy a fossil genus of 
Siberia, discovered by M. Fischer, a genus entirely lost, like the mastodon, and 
which, to judge from this jaw, must, in form and stature, have approximated to 
the rhinoceros. The genus equtis has left a great number of its bones, mingled 
with those of the elephant and rhinoceros ; but there has been thus far no osteo- 
logical difference observed between these fossil species and the living species ; 
and what is not less singular is, that none has been found, at least none suffi- 
ciently fixed and decided to be reaUy characteristic, between the different living 
species of this genus : the horse, the ass, the zebra, the quagga, &c. The bones 
of the hog have not yet been discovered in any strata so old as those of the fos- 
sil elephant, horse, and rhinoceros. M. Cuvier gives, however, -the osteology of 
this genus, for Ijis work has two objects equally important : the determination of 
fossil species, and the elements and means of this determination -, that is to say, 
the general laws of comparative osteology. Thus, it is only to establish this 
great assemblage of osteological fiEtcts and laws that he gives the description of 
the danuMy for neither have the remains of this animal been found among fossil 
bones. The daman, a small animal of Africa and Arabia, passed for a rodent. 
M. Cuvier shows that it is a true pachyderm, and the one, indeed, which of all 
others, approaches nearest to the rhinoceros. A genus not less singular than 
that of the daman, and the osteology of which was not less unknown, is that of 
the tapirs. These number at present three living species : two of America and 
one of the Indies ; and M. Cuvier describes several fossil animals related to the 
tapuB.* 

The elephant, the rhinoceros, the hippopotamus, the mastodon, &c., as here 
described, were the pachydermata of the alluvial formations. We see that all 
their species are distinct from the living species j that they are all lost, and that 
they were all destroyed at the same epoch and by the same catastrophe ; for their 
bones are found in the same deposits, everywhere united and mingled together. 
The fossil pachydermata which we are about to consider are all of another epoch, 
and one much more remote ; and nearly all of these were discovered by M. 
Cuvier, in those plaster-quarries of Pai-is, which have thence become so celebra- 

* As r^ardfl his gigantic tapir, we now know that it is a very differeDt animal from the 
tapirs. This gpreat tapir of M. Cavier is the Deimotkerium giganteum, the bead of which has 
been made known to ns b j MM. de Klipstein and Kanp. M. Cavier scaicQly knew, any 
part of it but the molar teeth. jgitized by VjOOQIC 
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ted ; tliey are the pdlaotherium,ihe anophtheriufn^ the cJkeropotamtis, the adapts. 
The bones of all these genera — most of which include several specie^ — were 
mingled and confounded together. It was necessary to begin by separating them ; 
it was necessary, then, to assign each bone to its species, and finally to recon- 
struct the entire skeleton from each of them ; and it was here that the method 
devised by the author for this reconstruction was exhibited in all its efficacy. 

In regard to fossil species, the teeth are always the first part to be studied, 
and the most important, for it is from the teeth that it must be determined 
whether the animal was carnivorous or herbivorous, and even, in some cases, to 
what particular order of such animals it pertained. M. Cuvier then having 
re-established the complete series of teeth which were found to be most common 
among those which he had collected, soon saw that they proceeded from two dif- 
ferent specj^, of which one was provided with prominent canine teeth, and which 
the other wanted. The restitution of the teetn thus gave two species of pachy- 
dermata : the one with prominent canines, being the pdUBotherium; the other, 
without them, or with a continuous series of teeui, the anopHotherium, Further, 
this restitution of itself showed, in each of these species, the type of a new 
genus ; two genera related to the tapir and rhinoceros, but two genera entirely 
lost ; for no living pachyderm reproduces, even generically, their dental system. 
And such, on the other hand, was the rigor* of the zoological laws followed by 
the author, that the teeth having given him two distinct genei-a, it could not be 
doubted that all the other parts of the skeleton, the head, trunk, feet, all min- 
gled indiscriminately with one another and with these teeth, would be also of 
two different genera.. He at once foresaw, therefore, for each of these genera, 
a head, a truuK, feet of a particular form, as ho had found for them an appro- 
priate dental system ; and he was not long in finding all that he had foreseen. 

The teeth being re-established, the restitution of the heads claimed his atten- 
tion, and it was soon evident that these also were of two genera. Next to the 
teeth and head, the feet are the most characteristic part of the skeleton, and 
their restitution gave likewise two genera. It remained, therefore, only to fefer 
each foot to its head, and each head to its dental system. Now, the restitution 
of the hind feet had shown them to be of two kinds, some with three toes, others 
only two ; and the restitution of the fore feet had yielded the same result Avail- 
ing himself, by turns, of the general analogy of the species which he reproduced 
with the nearest living species, and ot tlie particular relations of proportion 
and siz'oof the different parts in question, one with another, M. Cuvier first 
united the hind feet with two toes to the fore feet with two, and repeated the 
process with those having three ; and always guided by the same analogy, the 
same relations, he united the former with the dental system which was destitute 
of prominent canines, and the latter with the dental system which had them. 
He thus united in succession, for each genus, all the bones of the head, the trunk, 
the extremities ; he reproduced, finally, the entire skeleton, and scarcely was 
this great labor terminated when, by a singular hazard, a nearly complete skele- 
ton of one of them, found at Pantin, came to confirm all th^ results which had 
been obtained. In this skeleton, so fortunately discovered, all the bones were 
united together as M. Cuvier had united them j nature having acted no other- 
wise than the admirable laws discerned by him and his own wonderful sagacity 
had acted. 

A fii-st species of each genus being in this manner reconstructed, their number 
w^as not slow in augmenting. M. Cuvier soon counted five species of anophthe- 
riunis, and not less than 11 or 12 paiceotheriums. All the former are from the 
envii-onsof Paris ; the most common was of the size of the ass; another of that of 
the hog; a third, of that of the gazelle ; a fourth, of that of the hare ; a fifth was 
still smaller. Among the palaeotheiiums there were, at Paris alone, seven species ; 
one the size of the horse, one of the tapir, one of the sheep, one of the hare, &c; 
another species discovered near Orleans, nearly equalled in size the rhinoceros. 

jigitized by VjOC 
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The palsotberiam which, at Paris, always aooompanies the anoplotherinm, is 
accompanied almost everywhere else by another genas not less remarkable, and 
which, by a singular exception, is absolutely wanting at Paris, the hphiodon. 
This new genns, also approximated greatly to the tapirs, like the palseotherinm 
and anoplotherium ; is, like these last, entirely lost, and like them, already rich 
in species. M. Cuvier has made known a dozen, all of France. The genns 
chceropotamtis and the genns adapis number each but one species. The genus 
anthracotherium numbers two, one of which approached the rhinoceros in size. 
The two former genera are of the environs of Paris ; the third was first found 
near Savona, and afterwards in Alsace and Velay. 

With these numerous pachydermata, first among terrestrial mammals to 
occupy the earth, M. Cuvier collected the remains of camiwra of the genus of 
the dog, the genet, the raccoon, &c. ; a bat of the genus vespertilio ; a species of 
didelphys ; two rodents, one pertaining to the dormouse, the other to the squirrel ; 
six species of birds, relics of the crocodile, the irionpx, the emys, and certain 
species of fresh-water fish. But to restrict ourselves to the pachydermata which 
form, beyond comparison, the most important part of this antique animal colo- 
nization of the globe, we have nearly 40 species and five genera totally lost ; 
and what is not less noticeable, none of their species are found mingled with 
those of the elephant and the mastodon. The two classes of animals belonged 
therefore to two essentially distinct ages. 

To the pachydermata succeeded, in M. Cuvier's investigations, the ruminanfs. 
It is only in the alluvial formations that the bones of these abound, and here 
two genera especially show themselves in great number : the stag and the ox. 
* * • It is in the caverns of Germany, England, France, &c., that the fos- 
sil remains of the camivora especially abound. After having extricated the liv- 
ing species of these animals from the confusion which had thus far attended their 
determination, M. Cuvier proceeds to describe the fossil species— four species of 
bears : that of the caves, the most numerous of all, the arctoid bear, ^e inter- 
mediate bear, the bear with flattened teeth ; a hyena, almost as abundant as 
that of the bears, which is most so ; two tigers, a wolf, a mouffet, two weasels, 
a glutton, &c. The fossil rodentia are not numerous. The great beds of the 
loose formations have yielded hitherto but one large species of the beaver, called 
by M. Fischer the trogontherium. The bone breccia gives two species of the 
lagomys, two of the rabbit, of the field mouse, the rat, &c. 

The order of the edentata has two fossil, but gigantic species : the megcHonyXj 
of the size of the largest ox, and the megatherium, of that of the largest rhi- 
noceros. These two enormous species are from America. An unguiculate 
phalanx, found in a canton of the Palatinate, not far from the Rhine, indicates 
a third species related to the pangolmj and quite as gigantic as the two others. 

80 much for the inhabitants of the land formations. The cetacea all pertain 
to strata essentially marine. Here, with the cetace^ occur the amphibious mam- 
mals, the seal and the walruss. A first group of these marine mammals, whose 
osteology and living species themselves were then so little known, preceded all 
the terrestrial mammals. Their remains disclosed to M. Guvier bones of the 
dolphin, the lamantin or manatee, and the walruss. A second group had suc- 
ceeded the pcUcBOtheriums; and among them M. Guvier recognized a dolphin, a 
whale, and an entire genus wholly lost, the ziphitts, related to the sperm whales 
and hyperoodons. 

We come now to the reptiles. M. Cuvier considers in succession the crocodiles, 
tortoises, lizards, batrachians, and concludes with the extraordinary family of 
the ichtkyosaums and the plesiosaurus. The fossil crocodiles are very numerous, 
M. Cuvier having described as many as fifteen species. The fossil tortoises are 
even more numerous still, from sixteen to seventeen species having been abeady 
discriminated ; among them, several of the trionyx, several of the emys, or the 
toitoise of fresh water, several of the chelonia, or tortoises of the sea, and some 
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tenestrial tortoises. The order of hairaehians has but odo fossix species : the 
gigantic salamcmder qf (Eningen, or the pretended fossil man — ^the homo diluvU 
testis of Soheuchzer. The order of reptiles which presents the most extra- 
ordinary fossil species is that of the saurians. In the first place, most of them 
were gigantic. A first species, the great saorian of Manheim — the lacerta gigantea 
of Soemmering, the geosaurus of M. Onvier — was twelve or thirteen feet in 
len^h ; a second, the mosasatirus, the great saorian of the quarries of Ma^es- 
tricht, lonff taken for a crocodile, was more than twenty-four; and a third, truly 
gigantic, tne megaHosauruSj was more than seventy. Here, then, we have a liz- 
ard which surpassed the largest crocodiles, and in size even approached the 
whale. This, it is known, was discovered by Dr. Buckland, in the oolitic beds 
of Stonesfield, near Oxford. M. Guvier further makes known some remains of 
the fossil monitors of Thuringia, of a great saurian at Honfieur, of a gigantic 
saurian in the quarries of Caen, &c. 

The genus of pterodactylSj or flying lizards, though not remarkable for its 
size, is eminently so for its singular structure : a very short tail, a neck very long, 
a bird's beak, a finger of the anterior extremity prodigiously elongated, and thus 
elongated to support a sort of wing. There are two species of pterodactyls : 
one of the size of a bat, the other rather larger. It is needless to add that the 
genus is wholly extinct. But something still more strange in point of structure, 
is that presented by two other genera of saurians, both likewise extinct : the 
icMh^fOsatmis and plesiosawrus; the former uniting at once the snout of a dol- 
phin, the teeth of a crocodile, the head and sternum of a lizard, paws of the 
cetacea, but to the number of four, and the vertebra of a fish ; the latter join- 
ing to these paws the head of a lizard, and a neck of such inordinate length that 
more than thirty vertebrsB are counted therein. Both these extraordinary animals 
were found for the first time in England, but have since been discovered in Ger- 
many and France. The discovery of the first of these genera was due to Sir 
Everard Home ; that of the last tb Mr. Gonybeare. Already four species of 
the ichthyosaurus are known, and five of the plesiosaums. 

These reptiles, so numerous and so varied, crocodiles, tortoises, the vast sal- 
amander, the strange or gigantic saurians, joined with Crustacea, moUusks, zoo- 
phytes, fishes, marine mammals formed the first animal colonists which occu- 
pied the globe ; the second were those of the epoch of the palaeotherium ; the 
third, those of the epoch of the mastodon ; the fourth are those of the actual 
epoch. Without counting the last, there have been three distinct eras of animal 
life : that of the reptiles, that of the palseotheriums, that of the mastodons ) and 
after each successive family of living beings, the sea has returned to repossess 
itself of the land, retreating afterwards in ^vor of a new order of creatures; 
for marine strata constantly succeed to the terrestrial strata, and animals which 
have lived in the sea constantly succeed to animals which have lived on dry land. 

Such is the assemblage of fossil species, reconstructed by M. Guvier. We 
have seen the precise laws on which this reconstruction is founded. The high- 
est of these laws is the principle of the correUxHon qf forms; a principle by means 
of which we are enabled, to a certain point, to determine from each part all the 
others ; for each part has a necessary relation to all the others, and all to each. 
Thus, and to cite again a new example of this great law of organic correlations, 
the form of the teeth, and even, in certain cases, the form of a single tooth, gives 
that of the condyle of the jaw ; the form of this condyle gives that of the 
glenoid cavity which receives it ; this condyle, this cavity, give the zygomatic 
arch, the temporal foss, in which the muscles are attached which move the jaw. 
The foiin of all these parts, that is to say, the mode of manducation, gives the 
stomach, the intestines, that is to say, the mode of digestion ; this again gives the 
mode of prehension, or the form of the feet ; for if the animal is herbivorous, it 
has no need of the feet except to support its body, it will suffice for it to have 
hoofs ; and if it is carnivorous, it will necessarily require, on the contrary, divided 
feet, that is to say digits for seizing i^s prey and tearing it. ^ 
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By proceeding tfaas from one part to another, we apprehend the relations which 
bind each of them, first to that which follows, and then nearer and nearer to all 
the others, even to the most remote, without the chain of relations being ever 
at any part broken or detached. From each part, and even in appearance the 
most insignificant part, we may therefore infer all the others^ and the entire 
animal itself. 

For example : that claw of the pangolin, foond in the Falatinate, huge as it 
is, demonstrates of itself a lost species; and from this'Claw alond we might infer, 
as M. Cuvier well says, all the revolutions of the globe. In effect, this claw 
necessarily gives ns a toe, and this toe a limb, and this limb a trunk, and this 
trunk a cranium, a head, proportionate ali with one another ; that is to say a 
^gantic pangolin, consequently a lost species, consequently revolutions, subver- 
sions experienced by the earth, and which have destroyed that species. But I 
confine myself here to recalling those great laws on which I have dwelt at more 
length elsewhere, and which astonish us less, perhaps, by their extent than by 
the amount of evidence which they carry with them. 
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BT C. M. tUE DE BEAUMONT,* PERPETUAL SECRETARY OP THE PREKCH ACADEMY OF 

SCIENCES. 



[ TransUiedfor the Smiihionian hutkution 6f C. A. Alexander. ] 



Science, like nature, is one; the frontiers of states, the limits of populations, 
arrest not its propagation. In ail civilized countries men calculate with the 
same figures, measure with the same instruments, avail themselves of the same 
classifications. Scientific bodies animated by a common spirit collect, by analo- 
gous means, the results of the general labor ; and all these associations, to give 
a higher sanction to their mutual collaboration, have desired that the most 
eminent and celebrated of the savants of foreign countries should constitute a 
part of their official list. 

Among the illustrious persons on whom the Academy has successively con- 
ferred the title, so justly coveted, of one of its eight foreign associates, few have 
better justified the distinction than he to whom we owe the knowledge that the 
marinei-'s compass and the lightning conductor present only difierent effects of 
identically the same physical agent 

Jean-Christian Oerstedt was bom August 14, 1777, at Budkj6bing, in the 
island of Langeland, one of the smallest of the archipelago of Denmark. His 
father exercised the profession of apothecary, and, although the town of Rudk- 
jobin^ then counted less than 1,000 inhabitants, he had full occupation. For 
fear that the young Christian should not be properly looked after In the paternal 
dwelling, he was sent everyday to the house of a wig-maker, whose wife enjoyed 
the confidence of his parents. A brother, one year younger, who became in after 
life the celebrated jurisconsult Andre Sandoe Oersted, acccompanied him thither 
the following year. The wig-maker and his wife formed a warm attachment for 
the two brothers. The wife taught them to read j the husband instructed them 
in German, which was his mother tongue. The pupils made rapid progress, 
owing, perhaps, in reality more to a happy natural aptitude than to any, talent 
in the teachers, but which sufficed to induce many other families to send their 
own children likewise to this improvised school where knowledge was imparted 
so quickljr and so well. The wig-maker, transformed into schoolmaster, daily 
read to his pupils some pages of a German Bible, which was thus perused from 
beginning to end, and afterwards, in great part, read over anew. It was the 
daily tasK of the young Christian to translate word by word into Panish what 
had been read in German, and this exercise so far profited him that at the age 
of seven years he often embarrassed by his citations those who sought to put his 
'sagacity to the test^ whence the gossips of the vicinage used to say of him, 
This child wUl not live; he has too much smartness ! 

* Bead at the annual public sitting of the Academj, Deoeml^r 29, 1862. 

1 1 write the name of Oersted as it has always been written in the publications of the 
Academy^ In this the German orthography has been followed, while it would perhaps have 
been preferable to conform to the Danish orthogra{)hy, in which the name is written Or$ted, 
or witnout the majuscule Gnttd. In Denmark it is pronounced Enrsted, which is also the 
German pronunciation of the word Otrsted, whence we are wrong in habitually pronouncing 
it as if it were written Ersted. (^ r\r\n\o 
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The wig-maker farther taught him addition and subtraction ; it was all he 
himself kne^ of arithmetic ; bat with a slight help from others, and a book found 
at his father's^ the child was not slow in learning the rest as fiar as the rule of 
three, inclusive ; no equivocal proof of unusual precocity of intellect An extra- 
ordinary memory was early remarked in him, and was retained till death, equally 
with all the other happy endowments which he had received from nature. 

When Christian had reached the age of 12, he and his brother, who was then 
11, entered as apprentices the pharmacy of their father, whereby their secret 
wishes were at first contravened, for both had conceived the project of devoting 
themselves to the study of theology. The elder of the two, however, soon began 
to acquire a taste for pharmaceutical operations, and labored zealously in the 
paternal laboratory, reading at the same time all the books of chemistry and 
natural history wluch fell into his hands. Thus early was developed the incli- 
nation which led him to the study of nature. A student in theology daily devo- 
ted some hours to the instruction of the brothers in 6i*eek and Latii^. The older 
applied himself moreover to the acquisition of the French, the younger to that of 
the English language. From this period the former evinced a decided taste for 
poetry, a taste which adhered to him all his life. He translated about this 
time several odes of Horace and a part of the Henriade into Danish. 

These rather precarious means of instruction still bore happy fruits. In the spring 
of the year 1794, the brothers, aged respectively 17 and 16, were qualified to pro- 
ceed to Gopenha^n, where, after but afew months' preparation by a skillful master, 
who perfected them in the study of the ancient languages, they sustained with 
much honor an examination at their exit from the academy. Some two years 
afterwards Christian, who had in the mean time earned testimonials of distinction 
on all hands, bore off an academic prize for his reply to a question '' On the 
shades to be observed in the choice of expressions, according as one wiites in 
prose or in verse.'' Finally, during the autumn of 1799, he obtained the degree 
of doctor of philosophy upon the presentation of a thesis in metaphysics, Cde 
forma metaphysioes elementaris naiura externa, J 

In the year last named, and those immediately following, he published divers 
short dissertations and critical analyses, which were generally inserted in the 
periodical collections. He thus evmced in turn the tendency of his mind to 
literature, to poetry, and to philosophy. These formed, indeed, only an accessory 
occupation; but, apart from his natural predisposition, favorable circumstances 
rendered these momentary efforts of singular advantage in the development of his 
faculties. His brother, with whom he always lived in the most cordial intimacy, 
had chiefly devoted himself to the studv of philosophy, and the habit, which was 
maintained during life, of a daily interchange of ideas, led our physicist to a profit- 
able participation in the same pursuit. Having become familiar with the 
writings of Kant, Fichte, Schelling, he caught sight of a great general law of 
unity in the physical world, which continued always to be one of the habitual 
subjects of his meditation. Struck at the same time with the beauty of natural 
laws, he became sensible of something profoundly poetic in nature, on which his 
innate taste for poetir seized with avidity. 

His first essays, which had fixe^ the attention of the citizens of Copenhagen, 
placed him on terms of friendly intimacy with most of his young cotemporaries 
who were lising into distinction, particularly with Oelenschlager, who, as a poet, 
achieved some years afterwards so brilliant and well-merited a reputation. This 
attractive intercourse impelled him to the study of belles-lettres. To no import- 
ant production of Danish or German literature, or of the elder French literature, 
was he a stranger. His admirable memory was garnished with the choicest pas- 
sages, which, even at an advanced age, he was wont to cite with singular apposite- 
ness. Nor did he fail sometimes to exercise his own poetic powers, and, in the 
eyes of persons competent to judge of Danish verse, an Ode to the French^ which 
he composed about this time, appeared to give indications of genuine talent. A 
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happy concurrence of circumstances brought Oersted also into intercourse with 
Stenens, and the two brothers Mynster, with whom he long* continued to main- 
taiu philosophical and even theological discussions, which, whatever their vivacity, 
were never permitted to interfere with the claims of a reciprocal friendship. 

The rectitude of his judgment always prevented these accessory exercises of 
thought from impairing the progress of his scientific studies ; but they did not a 
little contribute to draw general attention to him; a kindly attention which 
greatly facilitated the development of his subsequent career. 

Of that career positive science, was always the basis, and his success was rapid. 
At his examination in pharmacy. May 20, 1797, he astonished his judges by the 
extent of his knowledge, and one of them, on going away, having met with Pro- 
fessor Manthey, proprietor of the pharmacy in which Oersted had labored, 
addressed him in these words : " What a candidate is this you have sent us ; he 
knows more than all of us together \^ The following year Oersted obtained a 
new prize from the Academy ; this time on a question of medicine. In 1800 
Professor Manthey, being about to travel abroad, devolved on him the direction 
of his pharmacy, and nominated him to supply his place, during absence, in the 
lecture-room of the Academy of Surgery. The same year Oer^ed was received 
as adjunct of the faculty of medicine. 

At this epoch he occupied hi mself very actively with chemistry. The researches 
of Wintrel on the simple galvanic chain had already led to the conception of an 
electro-chemical theory, and Bitter had inferred, from the ordinary chemical and 
electrical facts, the identity of the forces whleh produce them. The labors of 
BerthoUet on the laws of affinities had also introduced new general views on 
chemical forces. Herein lay the subjects of Oersted's investigations during the 
years 1799 and 1800. Earlier studies had prepared him for these general views, 
and efforts to surmount certain lines of demarcation established in science by dis- 
tinctions too decisive, had even directly revealed to him some of them. An 
analysis of the chemical philosophy of Fouroroy, read by Oersted in 1799 to the 
Scandinavian society, and printed the following year in its l^ulletin, is unfortu- 
nately the sole trace which remains for the public of these first essays^ We find 
there the alkalis and earths already ranged in a single series, which, conmiencing 
with the most energetic alkalis, terminates with a body rather add than alkaline, 
silicium preceded by aluminium. 

But, in 1800, the discovery of the electric pile by Volta threw all the chemists 
into commotion. Throughout Europe there was a desire to witness its effects.. 
Everywhere were constructed similai- piles or columns formed of pairs composed 
each of a disk of copper and a disk of zinc, pairs superposed on one another and 
separated by a piece of moistened cloth. Soon, every one, in the modish as in the 
learned world, knew by experience the strange shocks and sensations felt in the 
wrists, in the elbows, when in each hand is held a metallic wire terminating at 
one of the two opposite poles of the pile, and one is thus placed in the course of 
the electric current to which the pile gives rise. Oei-sted was not among the 
last to make experiments with this wonderful instrument. Having applied it 
especially to the decomposition of divers saline solutions, he gave expression to 
this first law, that the quantities of alkalis and .acids set at liberty in a solution, 
by the action of the pile, are in proportion to their respective capacities of satu- 
ration. Here, then, was a step in the career in which he was destined one day 
to immortalize himself. 

Oersted was now 23 years of age ; the time had come for him to travel, as, in 
their youth, the German and Scandinavian savants almost always do. He set 
out in 1801, and his absence extended to two and a half years. Everywhere 
he found with the learned a reception which surpassed the hopes of his friends. 
His natural animation, joined to a candid and unaffected self-reliance, stood him 
in better stead than the strongest letters of recommendation. His countenance 
seemed to announce a certiun timidity, but no sooner did any subject awaken in 
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him a special interest, sach as a point of science to discnss or error to combat, 
than he was seen to put forth a boldness, a force of intellect, an eloquence which 
wonld scarcely have been suspected from his modest exterior and reserved 
demeanor. 

He first traversed a great part of Germany, passed six months at Berlin, and 
sojourned for some time at Fribur^, Jena, and Munich. A new life then ani- 
mated that country. Poets and philosophers of eminence had there ^iven to the 
human mind an unexpected impulse. This movement bore especially on the 
natural sciences, and that assemblage of somewhat vague ideas which was called 
the philosophy of nature was in process of development. Oersted, with his 
philosophic and poetic views on the unity and the beauty of nature, was suffi- 
ciently disposed to lend attention to the new Oerman doctrines, and he himself 
avows their influence by saying, in the preface of one of his works, published in 
1813 : '^ The philosophy of nature, which has been cultivated witlun 20 years 
in Germany, might also assert its claim to some of the views which we are about 
to offer." Yet he never allowed himself to be turned aside from the severe and 
positive study of facts and of experiment. 

He enjoyed constant conversations with Klaproth, Hermstadt, Paul Erman, 
Trommsaorff, with Eielmeyer, the master and friend of Cu^er, with the celebrated 
Werner, at Friburg, and with the profound mineralogist and crystall<^rapher Weiss. 
He met also Fichte, Schellin^, Franz Baader, Schleiermacher, Tieck, and the 
two Schlegels. But he associated himself more particularly with the ingenious 
physicist Bitter, already celebrated for his experiments in galvanism, in which 
he had established, among other things, th|kta constant development of electricity 
accompanies the phenomena of life. They executed in common a series of 
remarkable experiments, and Oersted conceived from' that time a high opinion 
of the scientific capacity of his collaborator, which frequently appears in his 
writings, and particularly in the following passage of the prefaoe of his Beaearches 
on the Identity qf Chemicai ami Electrictd Forties J "^^^ '^Bittermay, 

in this respect, be regarded as a creator.* His grand conceptions, and his 
labors encountered with a zeal which obstacles and saorifioes were incapable of 
subduing, have shed light on almost all parts of the science.^' Oersted often 
expressed the opinion that, with more of sequence in his labors, Bitter would 
have discovered the electric pile before Volta. Unfortunately Bitter joined with 
a very ingenious mind great eccentricity, which crippled his pursuits and abridged 
his days. 

After sojourning some time at Munich with Bitter, Oersted published at Batis- 
bon, in 1803, a small work entitled Materials for a Chemistry qf the XlXth 
Century, in which occur highly interesting views respecting the new horizons 
opened to chemistry by the discovery of the Voltaic pile. Before parting with 
Bitter, who remained at Munich, Oersted had rendered him services which could 
only have been inspired by a warm and sympathizing friendship. He proceeded 
afterwards to Paris and passed there 15 months in habitual intercourse with 
Guvier, Haiiy, Vanquelin, Charles, Berthollet, Biot, Guiton-Morveau, Thenard; 
assiduously following the courses of the distinguished professors and sometimes 
making communications, on his own experiments, to the Fhilomathic Society. 

During his stay at Paris he translated into French a German memoir of Bitter 
on the pile d charger, or secondary pile, {Ladun^s Sauk), This translation, 
accompanied by notes on the experiments made by himself, was presented to 
the first class of the Institute and printed in the Journal de Physique, number 
for Brumaire, an XII, (1803.) Bitter, who had co-operated in the translation by 
an uninterrupted correspondence with Oersted, was fully satisfied with it, and 
even avowed that he comprehended himself in the French version better than in 
his own original German text. He died soon afterwards, and Oersted, independ- 

* See Res6arckes sur VIndeniU€ des Forces Chimiquns et ^lectriques^ by. M./t)ercited, traps* 
lated from the German by M. Marcel de Serres, 1813, p. 10. gtized by V ^ 
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ently of bis own original ideas, remained the representative and, in some sort, the 
heir of those of Ritter, of whom he had been the last collaborator and interpreter. 

Some prepossessions, whatever their origin, perhaps the fear of being received 
with a certain supercilionsness, had led Oersted to pass almost the whole time 
of his sojomn in Paris without going to present to the celebrated Fourcroy, pro- 
fessor of chemistry at the Polytechnic School, a letter of professor Manthey, of 
Copenhagen. He decided at last to do so at the instance of the charg^ d' afifaires 
of Denmark. The elegance, the clearness, the authority with which Fourcroy 
discharged the factions of professor, gave him great ascendency over his pupils; 
but, out of the chair, he did not always sufficiently divest himself of the magis- 
terial dignitv. He congratulated the young and modest Oersted on having come 
to Paris and having acquired a knowledge of so many remarkable men, superior 
beyond doubt to aU the chemists of the north. '^ I must acknowledge," replied 
Oersted, 'Hhat you possess at Paris more dexterity than exists elsewhere in 
chemical manipcdations ; but there is scarcely to be found in the north a single 
chemist who cannot read in the original the Systhne des connaissances chimiques 
of M. de Fourcroy, which few French chemists could do for works written in the 
Scandinavian languages." To the question, if he had seen the Polytechnic 
School, Oersted repli^ %f course affirmatively, and Fourcroy having made him 
duly sensible that this school gave to Paris a great superiority over Denmark, 
Oei-s^ed rejoined, with perhaps too ingenuous a confidence: ^'I admit that my 
country wants much which is needed for the fruitful development of chemistry, 
but I do not despair of contributing hereafter to establish there something not 
unlike the Polytechnic School." Upon which, Fourcroy begged him, somewhat 
ironically, to be sure to preserve, when he returned home, a kmd recollection of 
the French chemists. This Oersted did not fail to do, and I shall show further 
on how he proved it. 

In returning to Denmark, Oersted traversed Holland, and, at Harlem, made 
a great number of electrical experiments with the learned physicist Van Marum. 
At Bremen he contracted a friendship with the astronomer Olbers, and with 
Treviranns, celebrated for his labors in physiology and comparative anatomy, 
and finally re-entered his country in the month of January, 1804. On his return, 
the duty, at first temporary and limited to three years, of delivering lectures on 
physics at the University of Copenhagen was confided to him ; in 1806 he was 
named professor extraordinary of physics in the same university. He had here 
the first opportunity of combining his scientific views in a systematic shape, the 
outline of which he preserved during his entire life, only modifying certain parts 
according to the progress of science. 

His lectures commanded a large attendance ; they bore a form which was 
peculiar to himself. The skillful professor usually Commenced in a subdued 
tone, ^-ith particular considerations and explanations ; frequently, indeed, with 
the definition of certain expressions, turning on the translation of technical words 
into the Danish language. Assured thenceforth of bein^ully understood, he 
followed the logical course of ideas, and warming by degrees, collected the facts 
into groups, and these groups into a whole still more comprehensive. The ani- 
mation of the lecture, in giving more freedom to his delivery, called forth his 
favorite thoughts on the unity, the beauty of nature, and figures and images pre- 
sented themselves which keenly interested his auditors, especially the youuger 
portion of them, for those who had already followed other lectures were more sur- 
prised at still finding something unusual in his. 

It was sometimes objected to Oersted that he saw or imagined in nature com- 
binations much more rational than those which can be expected to occur in an 
assemblage of material objects ,* but he replied that nothing is too rational to be 
attributed to the supreme reason which has created everything. On such a theme 
it would be easy to argue a long time without coming to an understanding. It 
would be to plimge into the depths of those German discussions in which so 
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many a subtle genias has exbaasted itself withoat exbaDSting tbe subject. But 
tbe obscurity of tbese deptbs is sometimes quite a la mode ou the shores, always 
a little foggy, of the Baltic sea. 

It seems certain, however, that the lectures of Oersted were well received by 
the youth and the public of Copenhagen, for they were always much frequented, 
and they secured for the professor an eminent position among his fellow-citizens. 
He was not long in establishing agreeable relations with persons of the highest 
position in the capital of Denmark, and even with the princes of the royal family. 

But a part of his success might also be attributed to his lively and intellectual 
conversation, to the frequent articles which he put forth on various subjects, and 
to the works which he published at this epoch, such as his Considerations on the 
history qf chemistry j his Experiments respecting the figures produced by nodal 
lines on vibrating surfaces, a subject to which Ghladni had already devoted an 
important work ; and a Discourse on the pleasure produced by sound, a discourse 
in which ho developed, under a point of view peculiar to himself^ the laws qf 
(he beauttftd. 

He thus continued to publish, as he had done from his youth, a multitude of 
memoirs and articles of more or less extent on different subjects relating to the 
natural sciences and to philosophy, all of which met with appredative readers. 
Nevertheless, Copenhagen was not a center to which everything converged as 
is Paris or London. In a city of secondary importance one may keep himself 
informed of what is written, but the inconvenience is soon felt of not knowing 
what is talked about in the learned world. Oersted, who had need of direct 
communication with entire Europe, felt himself impelled to undertake new expe- 
ditions. He set out for Berlin May 7, 1812, where he passed three months and 
gave to the press, in the German language, one of his most important works, 
entitled " Views of the chemical laws of nature," {Ansichien der chemischen 
Naturgesetze.) In passing through Grermany he visited Oken, Schweiger, and 
Hegel, and established friendly relations with the ingenious physicist Seebeck, 
who, some years afterwards, made the discovery of thermo-electricity. He then 
revisited Paris, where he made quite a long stay, and, about the middle of the 
year 1813, returned to Copenhagen, there to receive anew from his countrymen 
tokens of the cordial consideration which he had long .before inspired. 

In 1814 Oersted published, in the programme of the university, an essay on 
a chemical nomenclature common to all the Germano-Scandinavian languages. 
The names proposed were so happily appropriate to the genius of those tongues 
that they were generally adopted, and are still in use in all the countries of tno 
north. In 1 815 the Royal Society of Sciences of Copenhagen, having lost its 
excellent secretary, Bngge, Oersted was chosen to replace him, and, the same 
year, the King named him a chevalier of the order of Danebrog. Two years 
afterwards the university conferred on him the title of professor in ordinary, 
{prqfessor ordinarit4s,) a title superior to that of professor extraordinary wiiich 
he had borne for more than 10 years. 

About this time Oersted undertook a remarkable series of experiments on the 
compressibility of water, and found almost exactly, though by new means t»x his 
own invention, the numbers which the celebrated English physicist Canton had 
obtained half a century before. 

In 1818 and 1819 he undertook, with MM. Esmarch and Forschhammer, 
explorations in the island of Bomholm, for the purpose of examining its geological 
constitution with reference to the working of the coal and iron ore which are 
found there, and he made these investigations the subject of several publica- 
tions. This was the commencement of a geological study of Denmark, estab- 
lished on new scientific bases. Oersted, however, was unable to prosecute this 
operation, which, continued by M. Forschhammer, has given to Denmark the 
excellent geological chart well known to this Academy. 

The jom-neys to Bomholm did not interrupt the habitual course of Oersted^s 
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publioationB on soienoe and philosophy. Among his memoirs on physios should 
be particalarly died one on the troagh-battery, execated in conjunction with his 
friend, Professor Esmaroh. Another work, entitled Principles qf the New Chem^ 
istryj which appeared at Copenhagen in 1820» had been composed for the aaditors 
of his conrsO; with a view to placing within their reach the doctrines tanght in 
his numerous writings on chemistry and electricity, and particularly in his Views 
qf (k$ chemiccA laws qf nat/nre. First printed at Berlin, as I have said, this 
exposition of his favorite ideas had been translated into French by M. Marcel 
de Serres, and published at Paris, in 1813, with the concurrence of its author 
and that of our distinguished colleague, M. Ohevreul, under the title of Besearches 
on the identity qf cMmicdl and eJectrie forceSj a title which clearly defined its 
object. 

This learned and ingenious work, dedicated to the author of the Statique 
Chimiquey our illustrious BerthoUet, was in truth the principal fruit of the labors 
and meditations of Oersted from his earliest youth. A citation of some passages 
. of this admirable book will suffice to give an idea of the profound and original 
views which had presided over its composition .."**•* The chemical 
part of the natural sciences,'' says Oersted, '4s far from having attained the 

Serfeotion which their mechanical part has reached, and cannot, like the latter' 
educe from a small number of principles, already connected with one another, 
aU the other principles ; but it has been obliged to seek each particular propo- 
sition, each particular law, by means of experiments undertaken solely with thai 
particulai view. Now tiie greater part of these laws have hitherto so little 
enabled us to see the bonds which unite them, that it was necessary to be con- 
vinced, by general considerations, of the unity which exists in all the works of 
nature, in order not to be deceived as regards that unity. 

'< The actual state, in 1813, of the chemical part of the natural sciences might 
be compiu:ed to that of their mechanical part before Galileo, Descartes, Huyghens, 
and Newton had taught us to reduce the more compound movements to their 
most simple principles. Before these illustrious physicists, it is true, a great num- 
ber of important facts were known, even some remarkable series of facts, but 
that great principle of unity to which science owes its present high degree of 
perfection had not yet been arrived at. * * • * " 

Oersted saw this great principle of unity in the uniformity of the general laws 
of mechanics, and he found an example of the duality, which also he every- 
where soc^ht, in the two forces which concur in producing circular or curvilinear 
motion. To find exaoonples of the confusion which had preceded the discovery 
of these forces, it is sumaent, he said, " to read what was written on the classifi- 
cation of motions by the celebrated Bacon, who» although a cotemporary of 
Galileo, still speaks of a violent and natural motion, and of so many other kinds 
of motions, which he knew no better how to reduce to a single principle than do 
the chemists at the present time know how to reduce the affinities of the alkalies, 
adds, earths, oxides, combustible bodies, and oxygen to one identical primitive 
action. • * * * 

''By refening all motions to their fundamental laws, the mechanical part of 
the natural sciences," adds Oersted, " has been raised to that present degree of per- 
fection which embraces all the movements of the universe as one great mechanical 
problem, whose solution enables us to calculate in advance an infinitude of par- 
ticular phenomena. In order to prepare the chemical part of the natm-al sciences 
for a like perfection, we must endeavor to reduce all chemical actions to the 
primitive forces which produce them ; we shall then also be in a position to 
calculate all the chemical properties of the primitive forces and their laws. Thus, 
chemistry being only occupied with these properties, this whole science will be 
converted into a theory of forces, to which mathematics may be applied, and it 
will thereby acquire perhaps new capacities, like those which have been derived 
from the application of mathematics to movement Digitized by GoOqIc 
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'' The discoveries which have been made since the commencement of this 
century may so far contribute to advance chemistry towards this state of perfec- 
tion that I have thought it would be useM" (it is still Oersted who speaks) '^ to 
collect here the scattered materials, in order to attempt the fonnation of a system. 
A first attempt of this kind can^ doubtless, be but imperfect ; but it must at last 
be necessary to take this first step, and I have judged it proper not to defer 
taking it, * * * * for the investigator of nature will make no great dis- 
covery except in so far as he shall have a certain idea which leads him to pro- 
pound, so to say, his questions to nature, as well as a determinate scope for his 
observations. The object, therefore, of the system which we here present ia 
chiefly to draw attention to certain important problems, and to serve as prelimi- 
nary to other more perfect systems which the rapid progress of science will not 
fail soon to call forth. It is only by the united efforts of a great number of 
savants, and after some generations, that chemical science can attain that degree 
of perfection which, with perhaps too much boldness, we have ventured to antici- 
pate. 

'^ It will not be useless, at our first step in this undertaking, to cast a glance 
over the space which we shall have to traverse. We shall commence our 
researches by a general classification of all the inorganic bodies according to 
their chemical nature. We shall then present some considerations on the chem- 
ical actions best known, in order to prove that aU the chemical phenomena which 
have been studied up to this time may be attributed to two forces diffused through 
all nature. We sh^l show that these forces act not only in the immediate con- 
tact between two bodies, but that they can also be transmitted, by some medium, 
&om one to the other. This will lead us to discover, independently of electrical 
considerations, the chemical action which we have recognizied in galvanism. By 
means of these successive approaches we shall be able finally to present the 
chemical forces in the state in which they are most free, and to render evident, 
at the same time, the identity of those forces with electrical forces.''* 

I should have abridged this long passage still more than I have done, had I 
not desired that it should be comprehended to what extent, according to Oersted, 
is to be found in the general uniformity of the laws of chemical composition that 
ffreat principle of unity which, agreeably to his philosophical conceptions, exists 
m all nature, and, at the same time, the duality which he also sought there in 
the two electricities, positive and negative. '* Finally," Oersted continues, " we 
shall endeavor, in order still better to prove the universality of the two chemical 
or electrical forces, to show that they also produce the magnetic phenomena and 
the principal changes in organic nature."! These lines already contdned, so to 
say, the programme of the great discovery which he was on the point of making. 

In this work, as in his earlier essays of 1799, Oersted placed aluminium in the 
rear of the alkaline earths, | as less alkaline than all these latter, and indeed 
almost an acid. After aluminium came silicium, more acid than alkaline ; while 
glass, he said, might be considered as a salt.f It will be admitted that from 
thence to the theory of the silicates there was but a stop ; this new advance was 
achieved some time afterwards by Smithson Tennant ; but, as every one knows, 
it was Berzelius, beyond all others, who developed the theory of the silicates. 

The work of Oersted, which the limits prescribed to this notice do not permit 
me completely to analyze, contains a multiplicity of views ; all equally marked 
by justness of thought, and more than one of which offers even at this day some- 
thing of the piquancy of novelty. 

In another passage, seeking to find among authors already become antique- 
such as Winterl, Ritter, &c. — the first rudiments of the ideas which occupied 
him, and which it was the object of his book to develop, Oersted added : "The 

* Seo Recherchts sur VidentU6 desforcet ehimiques et 6Uctrique$t p. 2. 

t Ibid , p. 9. t Ibid., p. 57. } Ibid., p. 60. 
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advantage which we may attain over these predecessors of ours will be, for the 
greatest part, doe to the profound researches of the celebrated Berthollet, and to 
the grand discoveries of Davy and Berzelius, three illastrioos savants on the 
•possession of whom our era can never cease to pride itself." 

There was the more merit on the part of Oersted in thus ranking Berzelius 
amon^ the great lights of chemistry, inasmuch as Berzelius, rather youngpr than 
himself, was his rival in the branch of the science to which he attached the most 
interest j and it should never bo forgotten that if the honor of having completely 
unfolded the electro-chemical system reverts to Berzelius, Oersted had arrived 
before him at a closely analogous result, although one less developed. For the 
rest, what at the present day is of most import to the memory of Oersted in rela- 
tion to this work, is perhaps the palpable proof found therein of his ceaseless 
preoccupation with the subject of electrical phenomena. He had conferred 
great improvements on the pile ; he was one among the most practiced experi- 
menters in employing it ; he had formally indicated magnetism as one of the 
phenomena of which it would some day furnish the explanation, and no one was 
better prepared than himself to advance to the practical realization of this new 
conquest 

Yet all the attempts thus far made had remained unfruitful. The expedient 
had been tried of placing the two poles of a battery as highly charged as possi- 
ble in a parallel line with the poles of a strongly magnetized needle ; no effect, 
however, had been produced. Nevertheless, the conviction still prevailed, 
especially with Oersted, that a relation must exist between galvanism and elec- 
tricity. The route to the discovery was unknown, though hazard might open it 
unexpectedly. 

Fortune, it might be said, ceased to be blind at the moment when to Oersted 
was allotted the privilege of first divining that it was not electricity in repose 
accumulated at the two poles of a charged battery, but electricity in movement 
alonff the conductor by which one of the poles is discharged into the other, 
whidi would exert an action on the magnetized needle. While thinking of 
this— it was during the animation of a lecture before the assembled pupils- 
Oersted announces to them what he is about to try ; he takes a magnetic needle, 
places it near the electric battery, waits till the needle has arrived at a state of 
rest ; then seizing the conjunctive wire traversed by the current of the battery, 
he places it above the magnetic needle, carefully avoiding any manner of col- 
lision. The needle*-every one plainly sees it — ^the needle is at once in motion. 
The question is resolved ! Oersted has crowned, by a great discovery, the 
labors of his whole previous life. 

It was on the 21st July, 1820, that Oersted communicated to learned Europe 
the important feet with which his genius had just enriched science. He con- 
signed it to a small tract written in Latin, of only four pages in 4to, which, not- 
withstanding its conciseness, presented with perfect clearness, the results of 
more than fifty experiments, and left scarcely anything to be added on the 
subject. This composition, entitled Experimenta circa effectumy etc. — (Experi- 
ments on the effect of the electrical conflict upon the magnetic needle) — ^was 
addressed the same day by post to all the societies in Europe which occupy 
themselves with the natural sciences. A French translation of it appeared in 
the number of the Annates de chimie et de physique for August, 1820, from which 
I transcribe a few expressions employed by Oersted on this occasion : 

" The first experiments on the subject I undertake to explain were made in 
the lectures which I gave last winter on electricity and magnetism. They 
evinced in general, that the magnetic needle changed its direction through the 
influence of the voltaic apparatus, and that this effect took place when the cir- 
cuit was formed, and not when it was interrupted ; a process which had been 
attempted in vain by celebrated physicists, some years before. But, as my 
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experiments had been mode with an apparatus of small energy, the effect of 
which was not so striking as was called for by the importance of the fact to be 
established, I invited my friend Esmarch, judicial councillor to his Majesty, to 
unite with me in repeating them with a more powerful apparatus. We had 
also for associates and witnesses the Chevalier de Vlengel, MM. Hauch and 
Beinart, professors of natural history ; Jacobson, a very skillful physician and 
chemist, and Zeise, prof|ssor of philosophy. I made other experiments when 
alone, and if these taught me anything new, I took the precaution of repeating 
them in the presence of these eminent men of science. ♦ ♦ ♦ In order to make 
the experiment, we put in 'communication the opposite poles of the voltaic appa- 
ratus by a metallic wire, which we will call, for brevity, the conducting or con- 
junctive wire ; and we will designate the effect which is manifested in this con- 
ductor and around it during the voltaic action by the term electric conflict 

^* Let us suppose now that the rectilinear part of this wire is horizontal, and 
placed above and parallel to a magnetic needle freely suspended ♦ ♦ ♦ the 
latter will move in such a manner that, under the part of the conjunctive wire 
which is nearest to the negative pole of the apparatus, it will deviate towards 
the west. • • • If the conjunctive wire is arranged horizontally under the 
needle, the effects are of the same nature with those which tak^ place when the 
wire is above the needle j but they act in an inverse direction — that is to say, the 
pole of the needle, under which is the part of the conjunctive wire that receives 
the negative electricity of the apparatus, inclines towards the east. • • • 
It appears, from the facts stated, that the electric conflict is not inclosed in 
the conducting wire, but that it has around it quite an extensive sphere of activ- 
ity. We may conclude from the observations that this conflict acts by a vorti- 
cal or whirling movement." 

Such was the theory of Oersted: we shaU presently see that he was less 
happy in his theory than in his experiment. 

In publishing the memoir of Oersted in the Anndles de chimie et de physiquCy 
M. Arago added a note in which he said that the results there recorded, '' how- 
ever singular they might appear, are accompanied by too many details to leave 
room for any suspicion of error." He cited, moreover, the experiments of veri- 
fication made in his presence, at Oeneva, by M. de la Rive. 

The explanation proposed by Oersted for the capital fact which he had just 
discovered, recalled in some respects the vortices of Descartes. This did not 
much savor of the spirit of the present epoch ; it met consequently with but 
little acceptance. At the end of barely a few weeks. Ampere had replaced it 
by another, based on a law of attraction. I borrow the recital of this scientific 
event from the spirited and learned Eloge of Ampere, read by Ji. Arago to this 
Academy, 21st August, 1839 : 

" The discovery of Oersted reached Paris by Switzerland. In our weekly 
session of Monday, 11th September, 1820, an academician who had come from 
Geneva " (it was M. Arago himself) " repeated before the Academy the experi- 
ments of the learned Dane. Seven days after. Ampere laid before us a fact 
much more general than that of the physicist of Copenhagen. In so short an 
interval of time he had divined that two conjunctive wires, that two wires 
traversed by electric currents, would act one pn the other; he had devised 
extremely ingenious arrangements for rendering these wires movable, without 
the necessity of detaching the extremity of each of them from the respective 
poles of their batteries; he had realized, transformed these conceptions into 
instruments susceptible of operating ; he had finally submitted his capital idea 
to a decisive experiment. I know not if the vast field of physics ever presented 
80 admirable a discovery, conceived, made and completed with equal rapidity. 

" Of this brilliant discovery of Ampere the following statement may suffice : 
two parallel conjunctive wires attract each other when electricity traverses them 
in the same direction ; they repel one another, if the electric currents move in 
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opposite directions." The sequel of Ampere's labors showed ^* that the recipro- 
cal action of the elements of two currents is exerted in conformity with the line 
which unites their centers ; that it depends on the mutual inclination of those 
elements, and that it vaiies in intensity in the inverse ratio of the square of the 
distances." Ampere finally succeeded in establishing that a conjunctive wire 
wound into a helix with very close spires, is sensitive to the magnetic action of, 
the earth. For many weeks there was to be seen in iiis cabinet " a conjunctive* 
wire of platina whose position was determined by Ae action of the terrestrial 
globe." Ampere, by constructing a galvanic compass, had shown that the forces 
which act in the magnetic needle are electric currents, and by his learned calcu- 
lations on the reciprocal action of those currents he accounted for all the actions 
which the conjunctive wire of the pile exerts, in the experiments of Oersted, on 
the magnetic needle. 

Electro-magnetism had thus bec(une the common glory of Oersted and Ampere, 
and renown, by uniting the names of these two iUustrious savants, not unnat- 
urally calls attention to the resemblances or the contrasts which existed between 
them. 

They were throughout nearly cotemporary, Ampere having been bom the 22d 
January, 1775^ and Oereted the 14th August, 1777. Both had entered upon life 
in a very modest condition as regards fortune ; both had had slender means of 
instruction, and had at first informed themselves with little help from masters 
and even little from books. Oersted had composed poetry not destiinte of 
merit ; Ampere, in his youth, wrote French verses replete with delicacy and 
mice, some of which have appeared to M. Arago no unworthy ornaments for 
his eulogy. Oersted always saw in the harmomes of nature a poetry superior 
to all other poetry ] Ampere, in the evening of his life, composed in Latin 
verse a general tablet of the classification of the sciences, in which elegance 
disputes the palm with precision. 

Oersted, a declared disciple of Kant, applied his ideas to the material world 
as a consummate physicist ; Ampere, an enthusiastic sympathizer with Maine de 
Biran, Royer GoUard, and Cousin, exercised his acute and pow^i-ful faculties 
and manifested a lively interest in disentangling the most subtle problems of 
metaphysics. Both were skilled in communicating to their learned instructions 
a peculiar attraction, though each in a different kind. Each of them has left, 
among friends, colleagues, pupils, remembrances full of that afifectionate admi- 
ration which can never be efiaced. 

Oersted made his first scientific essays in the pharmacy of his father ; before 
all else he was a chemist. Ampere, at the age of thirteen, borrowed from the 
public library of Lyons the mathematical works of Bemouilli ; he was bom a 
geometer, but the Encyclopedia having been his first book, he had, fi:om his 
infancy, embraced all the branches of human knowledge and had even become 
profound in many of them. M. Arago has felt authorized to say of him, in 
speaking of his labors in chemical classification, '' that, during one of the last 
revolutions of science. Ampere, the geometer Ampere, proved always in the 
right, even when his opinions were opposed to those of almost all the chemists 
of the world." 

Without Oersted, electro-magnetism might not have existed ; without Ampere, 
it might have been confined to an exceedingly curious, but limited experiment. 
The co-operation of Oersted and Ampere made it, in a very little time, a com- 
plete science, a science destined to change the face of the world by the sur- 
prising applications of it which have been already realized, and in which it is 
employed entire without distinction as to the origin of its different parts. 

I have often heard it asked who was the true inventor of the electric tele- 
graph. Reference has been made to ingenious physicists, who in the course of 
the last century transmitted to a distance, by means of the electric spark, 
instantaneous signals. As well might the learned, when the brothers Chappe 



MEMOm OF OEBSTEJ). 177 

had, in 1792, invented the aeiial telegn^h, recall the fact that the Oanls had 
transmitted distant signals by means of wooden beams aet^in motion. Neither 
the Gauls nor the ol&r physicists had created any regular means of correspond- 
ence. 

Among those whom I haye the honor of addressing, several may be able, like 
myself, to recall the memorable lectures which M. Ampere delivered at the Gol- 
*lege of France at the commencement of 1832, in which he kad the boldness to 
express his ideas on the relations of the structure of different classes of animals 
in contradiction to Guvier, who lectured in the adjacent amphitheater ; ingenious* 
ideas which M. Guvier overwhelmed at each lecture with peremptory facts, 
and which M. Ampere, accommodating himself to those facts, reproduced still 
more ingeniously in his subsequent &ctm'e. In this course, naturally much 
frequented, and which was in substance a course of experimental physics, M. 
Ampere spoke one day of electrical* currents, and, after having represented on 
the table four small magnetic needles with metallic wires suitably encompass- 
ing them, he explained how an electric current transmitted at will in such 
or such a manner, by means of these wires, would cause a declination of such or 
such of these needles in definite directions, so as to produce divers combinations, 
to each of which might be attributed the value of one of the letters of the 
alphabet ; how, in fine, by varying at will and with the rapidity of writing the 
mode of propagation of the electric current, words, phrases, discourses might be 
formed by the succession of these conventional lettei's. 

M. Ampere particularly cherished this idea and often recurred to it in con- 
versing with his friends ; but his fertile imagination did not stop with a single 
process, and sometimes, instead of needles, he proposed the employment of vases 
filled with water in wluch should be produced alternately disengagements of 
oxygen and hydrogen by the decomposition of the liquid. On the whole, it is 
impossible to deny that from that time the fundamental idea of a future electric 
telegraph existed among the auditors and friends of M. Ampere. There 
remained nothing more than to execute it practically. Such execution was 
rendered much more easy^y the result of the experiments of M. Arago on the 
momentary magnetization of soft iron by the electric current, and by the 
knowledge of tjie laws of the remarkable phenomenon of induction, established 
by M. Faraday. 

Every one knows how, from station to station, long metallic threads, placed 
on insulating supports, have been stretched in order to transmit the electric cur- 
rent from point to point. In the first an-angements of apparatus for this pur- 
pose, in that especially which M. Wheatstone established between Paris and 
Versailles and which was in operation in 1845, the electric current was produced 
by magnets, for which was afterwards substituted an electric battery, as being 
susceptible of more energetic action. The conducting wires were reduced, for 
each apparatus, to a single one, the mass of the earth sufficing for the return of 
the current. The needles were also reduced to a single one, which stopped in 
any desired position before a dial-plate bearing on its circumference the 25 let- 
ters of the alphabet, the 10 numerals, points, &c. To bring the needle to a 
certain radius of the dial and to a definite letter, the dentated wheel on which 
it depended was made to traverse a suitable number of notches, by as often 
interrupting and re-establishing the electric current. This idea of suspending 
and restoring the current by interruptions variously diversified, was the most 
essential addition which had been made to the fundamental idea of Ampere. 
The interruptions and re-establishment« of the current occasion, so to speak, a 
succession of electric waves, comparable, in a certain measure, to the sonorous 
waves by means of wiiich our voice is propagated, but infinitely more rapid. 

Since these first essays, the mechanism employed has been singuhu'ly varied. 
The dials and needles havJB been suppressed and replaced by other combinations. 
A multitude of ingenious instruments, cuUoffs, pole-changera, manipttkUorSj 
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jdectro^moffnets, moffnets varmtd^ armed, have been devised by a tbrong of men 
of talent. Tins pursuit, still so new, is one of those in which the inventive 
spirit of our age has most favorably displayed itself; but, whatever the process, 
it always' substantially consists in operating, at a distance and even beyond the 
seas, with the eleotro-magnetio corrents of Oersted and Ampere. 

[This statement can scarcely be considered as correct, even in view of the- 
rhetorical license df the eulogist. The currents used in telegraphingare, strictly 
speaking, neither the discoveries of Oersted nor of Ampere, but of Volta and of 
• Faraday. There are three different forms of the telegraph : first, that of pure 
electricity which transmits messages by a galvanic current, and makes signals 
by sparks or by marXs on chemical paper. Second, that of the needle moved 
by a galvanic current, first suggested by Ampere. Third, that of an electro- 
magnet which produces sounds, and also marks on paper at a distance. The first 
of these depends essentially on the discovery of Volta, and the other two on the 
primary fact of Oersted, extended, applied, and modified by others. — J. H.] 

In a very interesting account of Oersted, from which I have borrowed many 
of the details here cited, professor Haucb, of Copenhagen, oompaies, with no 
unjustifiable enthusiasm, his master Oersted discovering, after long meditation, 
the action of the pile on the mac^netic needle and thus opening for science hor- 
izons altogether new, to Christopher Columbus discovering America, after having 
dreamed all his lifo, of the existence of a great continent beyond the ooean.* 
He might have added that Oersted, more fortunate than Columbus, encountered 
no Americus Vespucius to dispute with him the glory of his discovery. Ampere, 
the most modest of men, had need of no glory but* his own, if^ inoeed, he ever 
occupied himself with that : and moreover, in electro-magnetic science, the parts 
of Oersted and of Ampere have remained perfectly distinct If the fundamental 
experiment is the incontestable property of Oersted, the developments immedi- 
ately added by Ampfere were the fruit of a spirit of invention which yields not 
in merit to the most original experiment, and of on analytical science which 
could only be met with in a geometer like Ampere, and, it may be added, in 
those colleagues of ours who bore a part in his calculations, M. Savary, M. 
Liouville, and our actual president M. DuhameL 

It pertained to the members of this Academy, the colleagues of Ampere, to be 
first in proclaiming all the merit of Oersted. The occasion was embraced with 
the ardor which, in such circumstances, is always native to it. We read accord- 
ingly, in the statement regarding the prizes awarded, 8th April, 1 822, as follows : 

* The first idea of this eomparison reverts to Sir John Henchel, as may be seen by the 
foUovfin^ letter of H. de Hnmboklt to Oersted, a traoslation of which has been obligingly 
communicated to me by M. de la Roquette, foimcr consul of France in Denmark : 

** Assuredly, M. CouDoillor, it wiil be a pleasure to the King to see you again and to 
express to yoa how much his Majesty is personally flattered at receiving among ns a man of 
your celebrity. Yon are invited for to-morrow noon to the King*s table, and in the evening 
at the new palace to the first representation of Medea in the Court Tt^eater, • « • • • 
I have just read to-night in Herschers Study of Nmtural PkiLo9opk^ p. 340, this fine passage 
concerning you : '* M Otrsttd there is something which reminds us of the obstinate adherence 
of Columbus to his notions of the neeessarff ezistenu of the new world, and the sole history of 
Oersted's beaui^ml discovery may ssrwe to teach us ••««.'« Xhis is a just eulogy 
, expressed in very ingenious terms. With the highest consideration, vour obedient, 

**A. i>£ Humboldt.*' 

A second letter of M. Humboldt to Oersted, also communicated to me by M. de la 
' Roquette, will further contribute to show with what regard and cordiality Oersted was 
received at Berlin : 

*' May I count, dear doctor, on the pleasure of seeing you again before your departure 7 
I desire not only to read once more your instructive memoir on the repose of tihe volcanoes 
of Nicaragua, but also to have some doubts respecting Sqoier resolved. The King being 
to arrive to-day, I shall be occupied until Friday. On that day or the following, may I 
fiHtter myself with the hope of seeing you at Berlia 7 » • • • • With dist^uished 
consideration, dee. A DB Humboldt.^ 
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'^ The Academy aDnounoed in its pablio eeesioQ oi the 27th Moroh, 1820, that in 
that o^ Mardi, 1822 it would awaid the prize of nubtheinatics, oonsisting of a gold 
medal of the value of 3,000 firanes, to the best work or memoir on pare or 
Implied mathematics* whidi shall have appeared or been commonioated to the 
Academy during the space of two years which are accorded to oompetitors. 

'^ Many physioo-mathematical researehes, worthy of high praise, have appeared 
in that interval. ♦ ♦ ♦ But the importance 4)f the discovery of the action 
of the voltaic pile on the ma^etic needle, a discovery which furnishes a new 
prindple to applied mathematics, and which has already given rise to interesting 
applications of analysis, has determined the commission to award to it the prize 
of mathematics. The commission charged with the examination of articles for 
the prizes of mathematics is in the habit of adjudging thosQ prizes without the 
co-operation of the Academy. But as the discovery in question is not explicitly 
comprised in the programme, it has been thought that the authorization of the 
society should be invoked for awarding the prize to this admirable discovery. 
This proposal having been submitted to the deliberations of the Academy, was 
unhesitatingly adopted." * 

A place having soon afterwards become vacant amcmg the correspondents of 
the Academy for the section of physics, the nomination <^ M. Oersted to supply 
it took place 9th June, 182^. In the sequel, the highest scientilic distinction at 
the disposal of the Academy was conferred on him, 11th April, 1842, by his elec- 
tion as one of its eight foreign associates, to replace the distinguished botanist 
de Gandolle. 

The just eclat which had attended the discovery of Oersted, by no means 
diminished ]iis desire c^ sometimes placing himself in personal communication 
. with the savants of other countries. In 1822 he again went to Oermany, 
where, independently of those who more peculiarly ranked as savants, Goethe, 
the illustrious poet, to whom nothing in the domain of intellect was alien, 
received him with distinction ; as is testified by the manner in which Oersted's 
discovery is spoken of in several passages of his writings. 

Oersted was now, for some time, engaged in thermo-electric experiments with 
Seebeck, and afterwards came to Paris in 1823. The Academy shared the 
pleasure which he experienced on taking his place in its ranks, and, during his 
sojourn, was entertained by several senes of experiments which he performed 
in its presence, not the least curious of which were those executed in common 
by himself and Fourier.* In these, bars of bismuth and of antimony soldered 
together alternately and formii^ a closed circuit, were employed. By heating 
or cooling the solderings, electncal currents were produced which appeared more 
abundant but less intense than the currents developed by weak hydro-electric 
action, and gave occasion to many interesting observations. 

Towards the middle of summer Oersted passed into Enfi^land and Scotland, 
and was reodved, as he had been in France, with a cordiality and attention 
which testified the high estimation in which the author of the discovery of 
electro-magnetism was equally held in those countries. On his return to Copen- 
hagen, he resumed his life of labor with more ardor than ever. The north of 
Europe then exhibited the spectacle of a brilliant scientific arena. At Stock- 
holm, Berzolius, one of the princes of chemistry, at Copenhagen, Oersted, one 
of the princes of physics, formed, as it were, two centers of labor and discovery, 
around which gravitated, like so many brilliant satellites, men destined them- 
selves to a just and well-earned celebrity — ^Arfvedson, Nordenskiold, Bonsdorff, 
Mitscherlich, Gustavo and Henry Rose, &c. 

The noble emulation which established itself between the laboratories of the 
two capitals is easily conceived. Oersted reapplied himself to chemistry. 
Eesumiuff at the end of a quarter of a century bis investigations of 1799 on 
alumina, ne accomplished, in 1824, a work which placed him in the rank of the 



* See Annales de ckim, et de phgeique, t zxxii, p. 375, (April, 1823.) 
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most eminent piaotioal chemists, and obtained, after prolonged efforts, the eKlo- 
ride qf aluminum. No one before him had effected the decomposition of alu- 
mina. Yet he did not socceed in insulating the aluminum ; this last and import- 
ant step was reserved for M» V^hler, the distinguished chemist of Gk)ttingen. 
Still later, our young and learned colleague, M. Henri Sainte-Claire DeviUe, 
has formed of aluminum a new and yaluable element of metallurgic industry. 

One of the last labors of Oersted relates to the celebrated diamagnetio dis- 
coveries of our illustiious colleague M. Faraday, whose experiments mid already 
added so many curious feusts to electro-magnetism, as well as to the researches 
made on the same subject by some Grerman savants, especially by M. Beich, of 
Friburg. 

Oersted presented his first results to the Royal Society of Sciences of Copen- 
hagen, dOth June, 1848, and gave a review of them in the Oi^pte Bendu of the 
transactions of the society. He soon afterwards drew up a more complete 
memoir, which has been published in French.^ Therein he recognizes a decreas- 
ing magnetic progression which includes the magnetic bodies properly so-called, 
the attractable (Samagnetic bodies, the repelMile *diamagnetic bodies. The 
magnetism of these last may, according to him, be considerod as negative, if we 
regard the magnetism of iron and of the attractable diamagnetio bcxlies as posi- 
tive. Oersted showed heroin that, experiment in hand, he always kept himself 
abreast of the progress of physics, ai\d particularly of electro-magnetism. 

In effect, the weight of years never relaxed the activity of Oersted. Wero I 
to undertake a baro enumeration of the researches and writings of every kind 
which he executed at Copei^iagen during the last twenty-five years of his life, 
I should much exceed the time at my disposal. But, while omitting this long 
catalogue, in which are numbered nevertheless important memoirs on electricity 
and magnetism, on the compressibility of liquids and of gases, on the boat 
develop^ by the compression of water, on capillary phenomena, works of liter- 
aturo and philosophy, &c.,t I feel bound to point out what contributed in quite 

* See Annates de Chimie, et Phy$iqnej 3d series, t. zxiv, p. 424, (December, 1848.) 

t The foUowiDfi^ note, for which I am indebted to M. de la Boquette, makes ns acquainted 
with one of these last works : 

** Owsted published, about 1850, two Tolnmes under the title of Aand^n % IVolvrM, a 
philosophic work which apjpears to me of high import ; it forms a series of treatises in which 
the author introduces us, m a manner at once philosophic and popular, to the study of 
nature, by reyealinr to ns the eternal spirit which determines all its nhenomena, and the 
relation under whidi this spirit exists towards the material and intellectual world. The 
following is the substance of the tracts or chapters of which the work is composed : 

" Vol. I. (1) Of spirit manifested in matter. The author develops what is constant or 
immutable in the continual changes of bodies ; it is the single thought or design which 
exists therein. The unity of this thought pertains to nature, for the natural laws, which are 
constant and invariable, are laws of reason ; not of the reason which is in us, but of that 
which prevails in the entire universe. It is the assemblage of laws determining the activity 
of an oDJect, which constitutes its real essence. These laws, which may be properly called 
the ideas of nature, form in every object a unity which mav be qualified as tne essential 
meaning of the object or its idea. This idea does not exist solely in the thought ; it is real- 
ised, on the contnu[y, in the acting forces of the objects. The beio||p of the object is thus an 
animated or living idea. In order to place these interesting reflections within the reach of 
all, the author has recourse to the form of dialogue, like Plato, Fontenella and Fenelon ; his 
style is at once simple and clear, rich and varied. (2) The fbuntain and the jet d*ean. 
He here characterizes the different impressions produced by this phenomenon. (3) The 
relation between the conception of nature by thouglit and that which is effected by help of 
the imagination. (4) Superstition and incredulity in their relations to the natural sciences. 
(5) All existence considered as the empire of spirit. (6) The culture of the sciences rep- 
resented as a worship offered to God. 

** Vol. II. (1) The relation of the natural sciences to poetry. (2) The relation of these 
sciences to diffiarent important notions of reUgioh. (3) Of the salutary influence which the 
study and employment of the natural sciences must exert on the intellectual development of 
man. (4) Two discourses on occasion of the reunion of the Scandinavian naturalists. (5) 
On the passage from the school to active life. (6) Comparison of ancient and modern 
times ; tne author here demonstrates that neither the world nor humanity have deteriorated ; 
that the' temperature of Uie air has not changed ; (the physical state of Greenland was, six 
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a special manner to the honor of Oersted, by observing that, in him, the favors 
of fortune qever weakened his devotion to the duties of the savant, and that after 
having made a discovery whose brilliancy rendered it difficnlt farther to aug- 
ment his reputation, he believed that he still owed to science and his country 
the constant tribute of assiduous labor. 

It was one of the happy events of Oersted's life that he witne&sed, in 1829, 
under the reign of Frederic VI, the founding at Copenhagen of a Polytechnic 
School. Of this he was named director, an honorable title which he retained 
till his death. We will not examine whether this Polytechnic School, in which 
courses were appropriated to the arts and trades, entirely resembled our own. 
In such a country as Denmark, less extensive than civilized, it is necessary to 
unite many branches in order to compose a solid faggot. The obiect was, in the 
main, analogous, and the very name of the school was a memorial of the first 
journey of Oersted to Paris, as well as an homage rendered to the celebrated 
school of Monge and Fourcroy. In the Danish institution, Oerated continued to 
profess physics till his last year, with unremitting zeal, animation and success. 
As director, he treated the pupils with a mix'ture of kindness, sagacity and 
firmness which secured their unreserved devotion and willing obedience. 

During his third journey. Oersted found himself crossing the channel from 
France to England, on his forty-sixth birthday, 14th August 1823; it is an anni- 
versary which the people of the north style the day of on^s/ete. Accustomed 
in Denmark to pass it in the bosom of his family and friends, he was now left to 
his solitary thoughts ; and these naturally reverting to his country, inspired him 
with the design of founding something on his return which should be at once a 
profitable and pleasant memorial of the vows which on this occasion he addressed 
to his distant home. The plan of a society for the promotion of the study of 
nature formed itself in his mind, and was so thoroughly wrought out during the 
short navigation, that nothing was required on landing at Dover but to reduce 
it to writing. The plan met with cordial acceptance in Denmark, and by aid of 
the new association, courses of natural history were established not only at 
Copenhagen, but in other cities of the country ; nor has this institution since 
ceased to bear the useful fruits which Oersted had anticipated. 

He was also member of a literary society. In connection with this a monthly 
publication was edited, in which he often inserted articles on the most varied 
subjects, not excepting reli^ous and philosophical ones. He belonged, more- 
over, to an association established for the right use of the liberty of the press. 
In fact, his co-operation seems to have been claimed almost universally at 
Copenhagen, nor was a sense of its value without frequent manifestations in other 
cities of Denmark, and even in those of the neighboring countries. To the last, 
he was accustomed to make numerous excursions as well into the north of Ger- 
many as into the Scandinavian peninsula, in attendance on the assemblages of 
naturalists which were held at different places. It was a cherished idea of his 
that, through these assemblages, not only might the exchange of scientific views 
be facilitated and a more intimate union among the representatives of science be 
cemented, but that their benefits might be extended to a wider circle by exposi- 
tions placed within the reach of all and contributing to introduce, even among 
the popular masses, the habit of comprehending and mutually exchanging their 
idioms and forms of literature ; especially was it his hope that the three Scan- 

handred years ago, the same that it is to-day ; ) the olive had in France, eighteen handred 
year^ ago, the same limit in the north which it has at present ; the men of antiquity were 
not stron^r and attained not a more advanced age than those of modem times ; the human 
race, far from retrogprading, has made sensible progress in regard to morals. (7) The rela- 
tion of the natnral sciences to different ages and to their philosophy ; * * • Christianity 
and mental cultivation as lending each other matnal support.*' 

The interest which this work excited in Germany led to its translation under the title 
of Der Geist in der Nature (The Bool in Nature). [It was also translatedj^ito English.] 
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dinavian nations might thus become, as it were, three branches drawing in com- 
mon their intellectual noorishment from the same radical stock. 

It was never the misfortune of Oersted to witness any diminution of reputa- 
tion. In 184Gy in the sixty-ninth year of his age, he again traveled into Gk«^ 
many, France and England. In an interesting notice of Oersted read 7th Novem- 
ber, 1851, before Uie Royal Society of Sciences of Copenhagen, M. F<Hnchham- 
mer, who had accompanied him, tells us that this journey resembled an ovation. 
In England, especially, Oersted was received by the most eminent politicians 
and men of science with a dhstinotion which has rarely been the portion of a 
stranger, and, above all, of a simple savant. His purpose was to take part in 
the meeting at Southampton of the British Association for the Advancement of 
Science. In one of the sessions of that body. Sir John Herschel, made an 
address to him, remarkable for the signal and intelligent justice which it ren- 
dered to his scientific labors. 

Honored in his public, Oersted was happy in his private life. His younger 
brother, whom he had taught to read under the roof of the wig-maker of Rud- 
kjdbing, ever continued to be his faithful and intimate companion. The latter 
had himself acquired great celebrity by his labors in philosophy and juiispro- 
dence, and had filled Uie position of president of the Royal Society of Copen- 
hagen. On)y with the death of the elder brother terminated the auspicious 
habit, contracted in childhood, of daily exchanging their impressions and ideas. 
In 1814, Oersted had espoused Mademoiselle Brigitte Ballum, daughter of a 
Lutlieran minister of Kjedby, in the isle of MOen, and found in her an accom- 
plished companion, whose character, admirably adapted to his own, formed their 
mutual happiness. Of five daughters and three sons bom of this union, only 
thi*ee of the former and two of the latter survived Oersted, to be the consolation 
of their mother. One of his daughters is married to M. Sharling, professor of 
chemistry in the University of. Copenhagen, long known for important researches 
on respiration.* 

Around Oersted, however, there existed a still more extensive funilv. It was 
composed, we might say, of the whole city of Copenhagen, where he was as 
much loved as esteemed, as much esteemed as admired. Of this his fellow- 
citizens gave him a touching proof in the latter days of his life. The dfty (7th 
Kovember, 1850) which marked the fiftieth anniversary of his entrance upon 
public duties, and was what is called in the north hisjubUeey was celebrated by 
a general festival in Denmark, with the somewhat quaint forms of Teutonic 
good-fellowship, but accompanied bv a substantial testimonial of gratitude to 
Die man who was regarded as the honor of the whole nation. It had been 
determined by the friends, the pupils, and indeed the simple admirers of the phi- 
losopher, to make this the occasion of securing to him for the remainder of his 
life the possession of Fasanenhof, (Pheasant-court,) a delightful summer resi- 
dence in the garden of Fredericksburg. The choice of the dwelling was so 
much the more delicate and so much the more pleasing to Oersted from its hav- 
ing been previously the habitation of Ochlenschlager, the friend of his youth. 

Oersted was conducted thither on the day of his jubilee. At the same time 
the King raised him to the rank of councillor of private conferences, a title 
never before conferred on a professor of the university, and much higher than 
that of councillor of ordinary conferences, which Oersted had bome for ten 
years. His bust, executed by a celebrated statuary, was set up at Fasanenberg 
in presence of an immense crowd, in which were intermingled the most illustrious 
personages of the kingdom. The rector of the univei-sity formally presented 

* His treatise on respiration was published iu 1843, some months before the researches of 
MM. Andral and Gavarret on the same subject. (See Comptes Bendus of the Academy of 
Sciences, t. xvii, p. 1205.) M. Alexandre Oersted, son of the celebrated jurist M. Andrd 
Bandoe Oersted, and nephew of the renowned physicist, is at present professor of botany in 
the UnfVersity of Copenhagen. ^ t 
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him with the gold ims of a doctor, on whioh was engraved a head of Minei-va 
encircled with diamonds. The Seigniory of the association of students notified 
him that he had been elected an honorary member of that society, and a depv- 
tation of the Gkdld of arts and trades tendered him thanks for what he had done 
in behalf of the industry of the country. 

To all the discourses addressed to him Oersted replied with a foroe^ a com- 
posure and a choice of expressions which surprised the assistants. The choir of 
the students commenced and terminated the fete with a chant, the words of 
which had been composed by one of the best poets of Denmark. In the even- 
ing a procession with t<»ches and a new chant by the students greeted the object 
of this enthusiastic commemoration. 

The day on which classes so numerous and so diversified had vied with each y 
other in testifying for him their affection and admiration must have be^ to 
Oersted one of the sweetest of his life. He had received from his sovereign and 
his fellow-citizens the most exalted testimonials of esteem with which any Dan- 
ish savant had been ever honored, and, in spite of his modesty, his conscience 
could not have failed to insinuate to him that he was not unworthy of them. 
The hope of passing his last years, surrounded by his family and dedicated to a 
tranquil scientific activity, in the smiling retreat which his countrymen had 
thought proper to offer him, was calculated to blend the satisfactioi^of the heart 
with the consecration of his renown. Yet this pleasing hope was but a decep- 
tive gleam, and although his mind, still vigorous, and his frame*replete with life, 
seemed yet to promise length of days, it was not granted to Oersted so much as 
to take possession of his new domicil, for before the return of spring he had 
ceased to live. 

He died at Copenhagen, 9th March, 1851, at the age pf seventy-three years and 
seven months, removed unexpectedly and in bnt a few days, by a simple 
catarrh contracted by studying of a morning i]\ too cold an apartment. His 
death was a profound and general grief for the city of Copenhagen and for all 
Denmark.* In that grief, this Academy, in common with the whole scientific ■ 
world, bore no indifferent or simulated part. 

Oiersted was replaced in the list of our eight foreign associates by the cele- 
brated chemist of Berlin, M. Mitscherlich, to whom crystallography is indebted 
for the most important progress it has made since Haily. M. Mitscherlich had, 
in his youth, associated himself with the labors of the Scandinavian scientific 
school ; and this choice, justified by other reasons, might be regarded as a new 
and last homage rendered to the memory of Oersted as well as to that of Ber- 
zelius. 

No scientific body had been backward in crowning with its suffirage the great 
discovery of Oersted. To make an enumeration of more than fifty societies 
which inscribed his name among those of their correspondents or their foreign 
associates, would be little less than to draw up a complete list of the principal 
Academies of the two hemispheres. More than one sovereign had been emulous 
of associating himself with the movement of public opinion in his behalf. He 
was advanced to the class of grand-cross of the Danish order of Danebrog, 
grand-cross of the Swedish order of the Polar Star, member of the order of 
Merit of Prussia, and officer of the Legion of Honor. 

Oersted was not only eminent as a physicist, profound as a thinker, he was 
a man of rare excellence of character. Author of one of the capital discoveries of 
the century, promoter of one of the schools which confer most honor on his country, 
founder of many important scientific and literary institutions, dear to the youth 
and to the public of Copenhagen, whom he haa charmed during 50 years by a 
system of poetic and philosophic ideas in harmony with their natural instincts, 

* Two hundred thouBand i>ersoiis, preceded bj the princes of the royal family, followed 
the body of Oerated to its resting place. 
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he had never fiiiled to avail himself of the credit which his high position in 
science had fiiven him with an enlightened government, and even of the friend- 
ship of a weu-informed King*, to render innomerable services to stndions youth, 
to savants less fortunate than himself, to a multitude of persons whom he recog- 
nized as worthy of his countenance. Had his characteristic modesty not equaled 
his other merits, he also might have adopted the boast ascribed by a poet to hifl 
hero: 

Some little good I've done— it is my noblest work. 

* Prince Christian of Denmark, who reigned afterward under the title of Chiistiaa VIII, 
was an eminent mineralogist and deeply versed in many parts of the scieDoes. 
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The death of 0. F. Schoenbein has sent a pang of regret not only throoffh 
Switzerland bnt through the scientific world. We cannot better fulfil tne painnil 
daty of reviewing the life of this eminent man than by borrowing the following 
pages from a notice published in the Basle Nachrichien, for which we are probably 
indebted to the pen of Professor Hagenbach : 

The mortal remains of Christian Frederic Schoenbein have been carried to 
their last resting place. He has been so suddenly arrested in a life fall of aoti vity, 
so abruptly calkd away, that we can hardly realize he has ceased to be among 
us. These pages which we now consecrate to his memory can only faintly express 
the sentiments awakened in us by the loss of one so much beloved and so much 
mourned. The complete appreciation of his scientific career cannot be given in 
a few rapid sketches. 

Schoenbein was bom the 18th of October^^ 1799, at Metzin^n, Suabia. From 
his parents he received a limited, though religious, education. He left the paternal 
roof at the early age of 14, in order to enter an establishment for the manufactory 
of chemicals; but a mere practical career could not satisfy his aspirations; the 
occupation only awakened in his youthful mind an ardent desire for the more 
elevated science of chemistry. He commenced the study of Latin, and went to 
the universities of Tubingen and Erlangen. After he had finished his studies at 
the universities, he taught chemistry and physics in a school at Keihan, neax 
Rndolstadt. Afterwards, he pursued his scientific education in England and in 
France, and at length, in 1828, went to Basle, where he was installed as lecturei 
on physics and chemistry. This office was formerly intrusted to Gounselloi 
Merian, who still continues his active career among us. An attack of illnesn 
obliged him to discontinue this course of instruction, by which he had rekindled 
the love of those sciences which of old were so brilliantly represented at Basle 
by Buch men as James and Daniel Bernoulli. 

In 1835 Schoenbein waa elected fall professor of physics and chemistry in the 
University of Basle, and dischai^d the duties of this position without interruption 
jmiXl 1852, when the professorship was divided into two distinct chairs, he retaining 
that of chemistry and continuing in it until the time of his death. Thus, Schoen- 
bein has been connected with our university nearly 40 years, and has never, except 
temporarily, during that period quitted Basle; his two longest journeys, the one 
to England the ouier to Germany, are well known fix)m the accounts of them 
which he has published, and to which the mingling of serious and humorous 
observations with scientific reflections and sketches of personal adventures give 
a x)eciiliar charm. 

Soboenbein was married in the year 1835, but the tranquil happiness which 
he found in domestic life was unfortunately disturbed by the sudden death of 
his eldest daughter in 1859, an event which sadly afflicted his entire household. 

His energies were unreservedly consecrated to science, and he always remained 
fEdthful to the counsels of his master, the celebrated Schclling, who taug^ht him 
to regard her as his bride. Thus all his faculties, all his efforts were continually 
exerted to draw nearer each day to scientific truth, and to penetrate ever more 
profoundly into the mysteries of the forces which govern the changes of the 
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material universe. He worked with ardor and an indefatigable perseverance, 
and all the time he could command was employed in his experiments ; even the 
short wintry days found him at early mom in his laboratoiy. When astonish- 
ment was expressed that one of his advanced a^e shonld be so eager in the pur- 
suit of science, he was wont to say, with a smile, that he knew '' there rcmdned 
for him but little time in which to work, and that there was still much flax upon 
his distaff." 

He preserved to the end all the freshness of his faculties as well as the juvenilo 
enthusiasm with which from the first he had made known his discoveries to his 
colleagues and to the scientific world. 

Among the works of Schoenbein we may first mention those which relate to 
subjects which are neither entirely phydcal nor entirely chemical, but which 
rather appertain to both, such as his researches upon the passivity of iron and 
of other metals ; the changes of color of bodies under the influence of temperature ; 
the chemical action of luminous rays, and finally the theoiy of voltaic olectricity. 
In this latter domain he has thrown much light upon the well-known controversy 
relative to the theory of contact and chemical action ; in studying with impar- 
tiality the two opposite opinions, and in demonstrating wherem they were fanlt3r 
He ascribes the origin of voltaic electiicity to chemical action, although he showed 
a positive diSisrence between the electricity developed in the open cairent of the 
battery and that which produces the cuirent and the diemioal decomposition 
which are manifested when the current is dosed. 

His researches on the voltaic current date from 1836 to 1840 ; since that epoch 
his views relative to the source of the voltaic current have become gradually 
adopted by physicists in general. In 1839, while in England at the meeting of 
the British Association, he made the personal, acquaintance of the celebrated 
English lawyer and physicist. Grove, who presented at the session a smaJl voltaic 
battery, of which the cells were constructed of the bowls of tobacoo pipes; this 
was the first exhibition of the celebi-ated constant battery which bears the name 
of its inventor. As Schoenbein had been engaged on a similar investigation, 
we soon see the two physicists pursuing the same object. They planned one of 
these batteries of large size, and thus produced an apparatus which, in proportion 
to its dimensions, exhibited an unupual electrormotive force. This first large 
constant battery is still preserved in the Museum of Physics at Basle, a souvenir of 
Schoenbein and of Heussler, a friend of science brought up among us, who bore 
the expense of its construction and gave it to our academy. The possession of 
this apparatus gave to Schoenbein a fresh incentive to resume with new energy 
his researches upon the relations of electric and chemical forces. Thanks to tliia 
battery it became possible to decompose water into its elements in greater quan- 
tities than had ever before been done; it was during an experiment of this kind 
that, in the autumn of 1 839, he perceived a peculiar ^or firom the oxygen obtained 
by the decomposition of water sunilar to that produced when a large electrical 
machine is in active operation, or when a discharge of lightning takes place 
between a cloud and the earth. This odor he at &c9i attributed to a new sub- 
stance mixed in small quantities with the oxygen, and as this body ought to have 
a special name, after consulting with his colkague, M. W. Kischer, he gave it 
that of ozone. 

His first publication of the discovery of ozone excited but little attention in the 
scientific world. But nowise disheartened by this, he continued his investigations 
with a persistency only to be mot with among those who are thoroughly possessed 
with a subject. He pursued during 29 years, or what may be considered the 
active life of a man, the same end, the study of the chemical properties of oxygen ; 
a labor which, though it might appear to' lead to no valuable results, is really 
connected with the properties of one of the most important elements of our globe. 

In consequence of his own researches and those of other phyi^sts, Schoenbein 
was soon forced to renounce the idea that ozone was an elementary substance; and 
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tox^cognize in it a peculiax couditioii of oxygen in wliicb it is endowed with 
special properties. 

We cannot here enomerate the many discoveries connected with this subject, 
and still less retrace the important steps that have been made in the domain of 
chemistry and of physiology in connection with it ) we mast limit ourselves to 
the remark that Schoenbem has contributed much to enlarge the field of science 
in this direction, and as the names of Priestley, Scheele, and Lavoisier are men- 
tioned in connection with the early discoveries relative to oxygen^ so the name 
of Schoenbein will always be recalled when we speak of the new form under 
which this element appears, and the varied action, when thus changed^ it pro- 
duces upon organic and inoi*ganic bodies. 

Among the discoveries which have rendered Schoenbein known, even beyond 
the scientific world, we must mention that of eun-cotton« This substance was 
not doomed merely to administer to the malevolent passions of men, and to play 
a destructive part in war, as its name would seem to indicate ; the subsequent dia- 
covery of Schoenbein gave it functions of a more pacific character ; a solution of 
gun-cotton in ether forms collodion, an admiraole dressing for wounds, and a pre- 
cious ingredient in the art of photography. The first appUcation of collodion as a 
medicinal agent was made at the instance of Schoenbein by his firiend, Dr. 
Jung, of Basle. 

The tardiness that Schoenbein found in the acceptance of his ideas on their 
first presentation was afterwards fully compensated by the approbation they 
received from all parts of the scientific world. The most distinguished philoso- 
phers of Germany, of France, and of England adopted essentially by his views, and 
several learned societies, among others the academies of France and Munich^ 
elected him a corresponding member. 

His manner of working (teserves to be noticed. However important the results 
at which he arrived, the means that he employed for obtaining them were extremely 
simple. There is no doubt that the great progress made in modem times in the 
construction of apparatus and instruments of research has had an important influ- 
ence on the development of science, but the investigations of Schoenbein show 
ns what can be effected, at least in some lives, without the aid of costly appliances. 

Schoenbein was so much occupied with his special researches that it is not 
guiprisin^ he did not keep entirely posted up in the general progress of chemistry. 
Though he by no means confined himself exclusively to the special objects of 
his investigations, yet he could not give to other branches that study which was 
necessary to render them fully appreciated. He did not adopt the views and the 
methods of the leadinjg^ chemists of this day ; he often compared the production 
of the varied combinations of the same elements with the rotation of a kaleidoscope, 
giving constantly new images, doubtless amusing, but not very instructive. He 
also frequently compared chemical phenomena to a theatrical exhibition, in which 
many regard only the denouement of the la«t act, while it is often in the develop- 
ment of the drama that the most interesting truths are exhibited. In the judg- 
ment which he formed of the ideas of other philosophers, Schoenbein may have 
been at times somewhat prejudiced. The vivacity of his mind often presented to 
him in too strong a light the defects in the conceptions of others, while the pre- 
occupation of his thoughts with his own ideas left him no time to reflect upon them 
with calmness and impartiality. 

His peculiarity as a professor will remain as a precious souvenir to many. It 
folio wSj fiom what we have said relative to his manner of work, that his specialty 
was not to exhibit the actual state of science and to deduce from it the various 
theories which have been devised. The most remarkable feature of his course 
was the ardor of his connection and the clearness with which he discussed his 
favorite bubjects ; it was not only instruction in science but also the loyeof science 
itself that he imparted to his pupils, and for which many among them will always 
remember him with gratitude. /^^ ^ ^ ^T ^ 
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Scboenbein did not limit bis instraction to tbe course of tbe university ; be under- 
stood in tbe best possible manner bow to impart bis knowledge to otbers. Above 
all, we sboold speak of tbe activity wbicb be imparted to tbe Society of Natural 
Sciences of Basle, of wbicb, during 40 years, be was a prominent member ; be con- 
sidered it as a dear friend, to wbom be always first confided bis most important 
discoveries. Tbe pnblisbed proceedings of tbis society give tbe entire series of 
tbe results of bis scientific labors. Tbe Helvetic Society of Natural Sciences lost 
in bim one of its most zealous and valued members; be almost always animated 
tbe meetings of tbe pbysical section by interesting communications, and tbis year, 
at tbe session of Einsiedeln, bis absence was noticed and deeply regretted ; tbo 
society, feeling tbe want of bis cbeering presence, transmitted to bim by tele- 
grapb a frienmy salutation ,* alas, tbis found bim upon a sick bed, soon to become 
bis bed of deatb. All tbe inbabitants of Basle, interested in sciences, were 
indebted to bim for tbe series of interesting lectm*es wbicb be addressed to tbe 
public of tbat city. In former days be gave complete courses of popular instruc- 
tion, and in later years be did not refuse to sbarc tbe efforts of younger men in 
tbe organizations for tbe same purpose. But bis entbusiafim for instructing 
extended beyond tbe confines of tbe lecture-room, in society, in tbe street, even 
at tbe refresbment saloons be knew bow to give a scientific turn to conversation 
witbout assuming tke pedantic tone of a master. Scboenbein knew bow to gain 
tbe bearts of all by bis amiable qualities, and consequently numbered many 
friends. But bis general popularity did not prevent bim from contracting close 
friendsbips, to wbidi be remained faitbful during life ; be was intimately attached to 
several of bjs colleagues, of wbom some bave preceded bim to tbe tomb ; tbe youngest 
of bis assodates felt tbat it was not only beuevolonce but a true iriendsbip wbicb 
attacbed bim to tbem. Among tbe foreign philosopbers witb wbom be was on 
terms tbe most intimate, and witb wbom be regularly corresponded, we may 
mention Faraday, Grove, Liebig, Wdbler, Eisenlobr, Pettenbofer, Sainte Claire 
Deville, and Sebetellen de Metz, autbor of a well-known work on ozone. 

Tbe meetings of tbe Helvetic Society fnmisbed bitn tbe opportunity of inter- 
course witb tbe savants of Switzerland. He was particularly associated witb 
M. M. Escber, Studer de la Rive, Pictet, Heir, Desor, Lang, and many younger 
pbilosopbers wbo also sbared bis friendsbip. 

If we would sum up in a single sentence tbe cbaracter of Scboenbein, we sbould 
say tbat at all points of view be represented an individual of peculiar develop- 
ment^ be was an original in tbe best sense of tbe term, and sacb men ougbt to be 
more appreciated, as tbey become ever-more rare in our age of universal medi- 
ocrity. Scboenbein was a complete man, for altbougb an absorbing idea, tbe 
love of science, governed bis entire life, yet, all bis otber faculties bad received 
an entire and vigorous development. His general bealtb was good ; be was 
bardened against exterior influences. It is but a sbort time since be worked 
dming tbe middle of winter in an unbeated laboratory. For several years be 
suffered occasionally from attacks of gout, from wbicb, bowever, be always com- 
pletely recovered. On tbis account be resorted, during tbe vacation of last 
summer, to Wildbad, tbinkiuff to fortify bimself for tbe approacbing winter. In 
returning, bowever, be was detained at Sauersberg, near Baden Baden, at tbe 
bouse of a friend by an abscess on bis neck, wbicb, rapidly assuming a dangerous 
cbaracter, rendered bis return bome impossible. Tbe greatest care and medical 
aid could not arrest tbe marcb of tbis disease, and on tbe 29tb of August be died 
peacefully in tbe bouse of bis kind and attentive best. His obsequies took place 
at Basle, tbe 2d of September. Tbe funeral was conducted by friends, among 
wbom was Eisenlobr, wbo bad visited bim on his deatb-bed. A long train of 
colleagues, pupils, relations, and admirers accompanied bim witb em<jtions of 
deep sorrow- to bis last resting place. 
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[The phenomenon called passivity of metals mentioned in the foregoing enlogy 
as one of the discoveries of Scho^ibein, consists in the fact that iron, for example, 
^hich, nnder ordinary conditions, is readily disolved in nitric acid, may while in 
a peculiar state remain for weeks in the same liquid without bein^ acted on. 
This phenomenon is, without doubt, due to a galvanic action, which, when the 
iron is first plunged into the liquid deposits a coating of oxide which protects 
the metal fiom the further actiim of the add. To illustrate this let a piece of 
dean iron wire be immersed in strong nitric acid together with a slip of platinum, 
the foimer being introduced first and the two connected with the ends of the wire 
of a galvanometer, a powerful current will be inducted at the first completion of 
the cu*cuit, the iron acting as the positive metal, but the strength of this current 
will quickly decline to a small amount and then remain constant for several 
days. The iron thus treated is no longer attacked when plunged alone into 
nitric acid, and is said to be jpasswe. JuQstead of using a galvanometer, which 
was merely introduced to prove the existence of a galvanic current, the same 
efiect will be produced by touching the Iron wire while the add is acting on 
it with a piece of gold or platinum, also immersed in the liquid, the action will 
immediately cease and the iron become passive. . When an iron wire in the 
passive state is plunged into nitric acid and the upper end touched with another iron 
vnsQj as soon as dipped into the add the latter also becomes passive. In these experi- 
ment, the iron, which is rendered passive acts as the zinc element of a galvanic 
pair, and is rapidly covered with an oxide which protects it from further action except 
of a very feeble character. In this state it may serve as the copper or negative 
metal of a galvanic pair, and really performs this part in the second experiment 
in which a galvanic couple is formed by the contact, while in the acid, of the 
pasdve and non-passive iron. The formation of an oxide suffidently thick to 
protect the iron is not produced in nitric acid, of ordinary strength, unless a gal- 
vanic arrangement such as we have described is adopted, but if it be plunged mto 
very strong acid the action, though violent for an instant, will soon cease, and the 
metal assume the passive condition. If this wire be withdrawn from the acid 
and exposed to the air for a short time, or rubbed with sandpaper, it will resume 
its ordinary state. An iron wire may also be rendered passive by holding it for 
a few minutes in the flame of a spirit lamp. 

Other metals — ^namely, silver, copper, tin, aluminum, and especially bismuth, 
may be brought into the passive state by the methods we have mentioned, but 
the efiect is not as marked as with iron. Dr. Hare constructed a galvanic 
battery in which the platinum was represented by iron in the passive state, but 
the action was capricious; though at one moment powerful at another it became 
almost nothing. 

Another discovery of Schoenbein, mentioned in the foregoing sketch, is that 
ei gun-cotton, a very explosive substance, produced by steeping cotton-wool in 
fumbg nitric acid, or in a mixture of nitric and sulphuric acids, afterwards washing 
and drying the product. This discovery was announced by Schoenbein in 1845, 
but the mode of preparation was kept secret. It was, however, sooi^ rediscovered 
independently by Bettger and Otto, while Kept improved the process of pro- 
duction by the addition of sulphuric acid to the active liquid. From the' first it 
was proposed as a substitute for gunpowder, over which it possesses the advan- 
tages of bumiug without smoke, and leaving no residuum to foul the chamber of 
the cannon. Large establishments were erected for its preparation, bul the 
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occarrence of several severe accidents daring its prodaction, attended with great 
loss of life, caused it to be regarded as too £ingeroas for military purposes, and, 
accordingly, its manufacture was for a time aljnoot abandoned. Within the last 
few years, however, th^ attempt to make use of it as a substitute for gunpowder 
has been renewed and brought to a successful issue by an Austrian officer of 
artillery. 

Gun-cotton is used in militaiy operations in the form of a spun yam, in which 
it conducts combustion slowly in the open air at a rate <^ not more tlian one 
foot per second. This yam h used to form cartridges for large guns, by being 
wound round a bobbin, so as to form a hollow spindle and thus give an interior 
surface for the action of the flame and the production of the most effective explo- 
sion. The effect of the explosion of gun-cotton under water is remarkable j the 
action is so instantaneous mat the water has no time to yield, and consequently 
transmits the impulse as a solid material ; hence it is unnecessary to place the 
charge in immediate contact with the body to be destroyed. In one experiment 
two parallel rows of niers, 10 inches thick, in water 13 feet deep, with stones 
between them, were blown to pieces by a barrel of 100 pounds of gun-cotton, 
placed* at a distance of three feet from one side and eight feet under ^ater. It 
made a breach of 15 feet, and threw the water to a hei^t of 200 feet. In another 
experiment with 400 pounds of gun-cotton a vessel was blown up, the pieces pro- 
jected into the air to a height of 400 feet, and the fishes for nearly half a mile 
around were so stunned as to float on the water. The rapidity of expansion and 
great elastic force of gun-cotton renders it a valuable agent in blasting. Its 
power when exerted against a great resistance, as in the case of splitting a rock, 
when compared with that of gunpowder, is in the ratio of 6 J to 1. 

The discovery which has rendered lie name of Schoenbein most extensively 
known is that of ozone. Before the end of the last oentuiy Van Maram, of Hol- 
land, had observed that when an electric discharge was passed through oxygen 
the latter acquired a peculiar smell and the power of attacking mercury, but it 
was not until 1840 that any notice was taken of these facts, when Schoenbein 
published his first paper on ozone. In this he announced the fact that in the 
decomposition of water, by means of a galvanic battery, an odorous gas was given 
off at the positive pole, and that this might be preserved for a long time in a 
well-closed vessel. He also pointed out the fact of the similarity of this odor to 
that which accompanies a discharge of electricity, especi^y fitom points, and 
also the slow oxidation of phosphoras. Opinions as to the cause of the odor 
were long divided, but through the experiments of Schoenbein and the investi- 
gations of Andrews, and Tait, and others, it is now generally referred to oxygen 
in a changed or allotropic condition. 

One of the simplest methods of exhibrting the production of ozone consists in 
transmitting a current of oxygen through a glass tube, mto the sides of which a 
pair of platinum wires have been sealed, with their points a small distance apart 
On connecting one of these wires with the prime conductor of an electric machine, 
in active operation, while the other is connected with the ground, the odor of 
ozone is immediately perceptible in the stream of gas. But in order to produce 
a maximum effect it is necessary to transmit the discharge silently in the form of 
a brush or a star, since sparks appefir to produce an opposite effect, and are, 
therefore, to be avoided. Ozonized air may also be obtained by placing a stick 
of dean, moist phosphoras in a bottle of mr or oxygen, when, after an hour or 
so. the smell of ozone will be obvious. The stick of phosphorus is then to be 
taken out and the gas washed with water to remove the phosphorous acid. Or 
ozone pay at once be piroduced by plunging a heated glass rod into a mixture 
of air and a vapor of ether. The galvanic decomposition of water acidulated 
with sulphuric acid, or better, perhaps, with the addition of chromic acid, affords 
at the positive pole a large supply of ozone. The general characteristics of 
ozone are those of on oxy^zing agent ] it corrodes organic matter, as shown in 
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itB enetgetie action on tbe caont^ono tubes tfarongfa which it is conducted. It 
bleadies most vegetable colons; it diangesthe black snlphide of lead into white 
sulphate, the yellow fenocyaaide of potassiom into the red ferrocyanide. It oxy- 
dizes moist filings of iron, copper, mercury, and silver. In some caees, however, 
ozone acts as a deoxydizing agent. It decomposes peroxide of iron and barium. 
It exists in variable quantities in the atmosphere, and its presence is indicated 
by what is calfed ozone test-paper, namely, paper steeped in iodine of potassinm, 
which is rendered brown by the liberation of the iodine. If starch be aJded to 
tbe solutioQ in which dw paper is steeped the ozone produces a blue color ; but 
according to some anthonties this test is not as reliable as that of the solution 
of the iodide of potasoom alone. As ozone is an energetic oxydizing agent, it 
combines with animal matter and other impurities in the air, and hence its 
absence, as evinced by the want of coloration in the test-paiper, is considered as 
an indication of the presence of mdaria in the atmosphere of the locality m 
which SQch indications are observed. It is evident from what has been stated 
that ozone must be pr^uced in the atmosphere by electrical discharges, but 
whether it exists from other souroes in the air is at present unknown. Neither 
are the test-papers we have mentioned decisive proofs of its relative quantity, 
since there are other substances generally present in the atr which are competent 
to produce similar effects. 

One of the most plausible hypotheses as to the nature of ozone is that of Gl«u- 
sius, who considers all gases, whether simple or compound, as made up of a num- 
ber of atoms oombifned together to form molecules. That, for instance, a mole- 
cule of oxygen connsts of at least two atoms, and that it may happen that a 
portion of each of the great nwuber of molecules which exists in a given quantity 
of oxygen can be decomposed into two atoms which distribute themselves in 
their separate state among the remaining undeoomposed molecules, and that 
these isolated atoms, which in their relations to foreign bodies must differ from 
the molecules of ordinary oxygen, constitute ozone. 

In accordance with this hypothesis, the production of ozone by passing elec- 
tricity through oxyeea or atmospheric air ma^ be attributed simply to the repul- 
sive power of the electricity by virtue of which the two atoms of oxygen, being 
charged with the same kind of electricity, are driven apart, as in the case of the 
well known experiment of two pith-balls. When oxygen is evolved in the 
decomposition of water, a similar repulsive separation ts^es place at each pole 
or electrode, bnt most of the atoms immediaitely combine again upon tbe elec- 
trodes to form ordinary oxygen. A small portion only of the atoms remain in a 
separate condition, and these constitute the ozone with which the oxygen is 
mixed. Finally, in the case in which ozone is developed during the oxidation 
of phosphorus in moist air or oxygen, we may suppose that the atoms which 
make up t^e oxygen molecules are in different states or degrees of electricity ; 
that one of these tends more energetically to combine with the phosphorus than 
the other ; and that tbe latter, removed from £he sphere of its attraction by 
thec^eat generated in the combination of the former, remains in an isolated con- 
dition. The fact that these atoms do not immediately recombine into molecules 
to form ordinary oxygen may be due to their similar elactrical state. When 
ozonized air is Leated, the ozone disappears, because the high temperature deter- 
mines the union of the atoms as it does of hydrogen and oxygen in the 
application of a flame to a mixture of these two gases. It has been found 
that the ozonification of oxygen by the electrical spark or brush can only be 
carried on to a certain extent If the ozone remain mixed with the oxygen ] but il 
the ozone be removed as rapidly as it is formed by the oxidation of silver, all 
the oxygen may be gradually converted into ozone. In this case, when the 
. number of separate atoms become too great in a given space, they are brought 
within the sphere of mutual attraction ; combination ensues, and the ozone dis- 
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appears as £ast as it is produced in tbe reproduction of ordinary oxygen. The 
power of combination with metals and other nodies exhibited by ozone becomes 
a consequence of this hypothesis, inasmuch as separate atoms must from analogy 
have more combining newer with foreign bodies than atoms which are already 
in combination with ealh other. 

The hypothesis of Glausius is Very sug^stive; and with a few supplementary 
assumptions can be made not only to render a plausible explanation of known 
phendmena, but also to indicate new experiments. It must be stated, however, 
that it is at variance, as presented in the foregoing sketch, with the experiments 
of Soret on the density x>f ozone. This chemist finds, from an elaborate inves- 
tigation, that when ordinaiy oxygen is converted into ozone its density is 
increased instead of being diminished, as it should be, according to the hypoth- 
esis of Glausius. This result was arrived at by two di£Perent methods, that of 
absorption and that of difiusion. Both gave approximately the same result, 
from which it appears that the density of ozone is one and a half times that of oxy- 
gen. According to the hypothesis of Glausius a molecule of oxygen consists of two 
atoms, and may be represented by 00^ while an atom of ozone would be indica- 
ted by 0. From this it is evident that the density of ozone should be only one- 
half of that of oxygen. In order to make the hypothesis of Glausius agree with 
the result obtained by Soret, we must suppose that while an element of oxygen 
consists of two atoms, and ia represented by 00, an element of ozone con-' 
^ists of three atoms represented by 00,0 ; that when by electrical repulsion or 
other action, the two atoms of oxygen are separated, one of them immediately 
unites with a molecule of ordinary oxygen and the other to a second molecule, 
forming two molecules of ^zone out of three molecules of oxygen. Or, in other 
words, by the decomposition of one of three molecules 00 00 00 of oxygen, and 
recomposition with the remaining two, we shall have two molecules 00,0 00,0 of 
ozone. It is not necessary that we should limit a molecule of oxygen to two 
atoms ; on the contrary, we may suppose that it consists of an indefinite number . 

Srovided we admit that under the action of electricity or other forces it is 
ivided into two portions, each containing an equal number of atoms. In the 
present state of science, if we adopt the atomic constitution of matter, we must 
consider what was formerly assumed as the ultimate atoms of bodies, as groups 
of atoms held in relative position by attracting and repelling forces. It is only 
by an assumption of this kind that we are enabled to obtain a mechanical con- 
ception of matter in any degree applicable to various chemical and physical 
phenomena.] J. H. 
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By G. Hagen. 



Onranslated/or the Smithsonian InsHtuHon by O. A. Alexander.^ 

Last year died tbe director of our observatory^ Professor Encke. Besides his 
other scientific and serviceable labors, he acted for eight and thirty years as 
secretary of the physico-mathematical class of our Academy, and during that long 
interval administered the afiairs pertaining to the office with the utmost dis- 
interestedness, skill and discretion. 

Johann Franz Encke was bom in Hamburg, September 23, 1791. His 
father, archdeacon in the Jacobi-church at that place, died four years afterwards. 
Although his mother brought to the rearing of her eight children remarkable 
energy of character, yet the moderate pension which the family still drew j&x)m 
the church by no means sufficed for the expense of extensive studies. 

As a preparation for the business of life Encke first resorted to a private school 
kept by Hipp, the author of several mathematical works, and later, from 1805 
to 181t), frequented the Johanneum, where Hipp was still his teacher. Under 
these circumstances he very early developed a singular predilection for mathe- 
matical studies. At this time he voluntarily imposed on himself the task of 
repeatedly going over the collection of problems propounded by Meyer-Hirsch, 
and is stated in the parting certificate awarded him, October 11, 1810, to havo 
been a model, to his school-feUows for diligence, correctness of depoilment, and 
modesty. 

It was now that he expressed to his mother the wish to study astronomy, and 
his two elder brothers, who had entered into trade and who recognized his talent, 
devoted themselves to the ftirtherance of his purpose, which they were enabled 
to gratify through the intervention of the pastor, Schafer. During a year he 
attended a gymnasium in Hamburg, and proceeded in 1811, shortly after the 
death of his mother, to Gk>ttingen. Here an older fellow-countryman named 
Gerling introduced him' to Gauss, whom he ^as accustomed afterwards to regard 
as pre-eminently his instructor, and to whom he referred almost exclusively his 
mathematical and astronomical culture. Especially instructive did he consider 
an entirely private course (privaUssimum) which, together with Gerling, he 
attended in the summer of 1812, at the residence of Gauss, who, on his own 
part, in a letter to Schumacher of this date, already calls Encke *• his highly 
accomplished and well-informed pupil.'^ 

Political events led Encke, in the beginning of 1813, ta enter into the Han- 
seatic artillery service. He was engaged in the bloody fight for the fortress of 
Gdlirde, September 16, where Wallmoden attacked and defeated the corps 
which Davoust had despatched thither under Pecheux. He also took part, the 
following month, in Tettenbom's bold advance upon Bremen. In the honorable 
discharge granted him, June 24, 1814, he is styled sergeant-major of cavalry. 

He resumed his studies in ^dttingen, but as the war broke out anew the fol- 
lowing spring, he at once decided, in company with his younger brother who 

*AbbandlaD|;en der kdnigl. Academie der Wissenschaften eu Berlin, 1866. Head 5th 
July, 1866, before the Royal Academy of Sciences at Berlin 
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was studying theology, to serve under the Prassian standard. He seems to have 
affixed to* his offer of service a testimonial wherein Grauss certifies that Encke 
had " at first attended and afterwards borne an active part in his manifold astro- 
nomical occupations and labors, and had manifested throughout distinguished 
talent, great diligence, and uncommon knowledge." The brothers were required 
to undergo an examination, which, in the case of our astronomer, at least, was 
never repeated. He received, June 10, 1815, the commission of second lieu- 
tenant of artillery, and was first ordered to Thorn, and later to Graudenz. 

Encke would, probably, like his brother, have still further pursued a military 
career had not Von Lindenau, the director of the Seeberg observatoiy, at the 
recommendation of Gauss and Gerling, offered him in the beginning of 1816 the 
place of adjunct therein. This induced him to ask a discharge fix)m the army, 
which was accorded on the 8th of March. Hereupon he went once more to 
Gfittingen, and remained there till July 5, 1816, when his nomination to the 
observatory was confirmed. The appointment was by no means dazzling. The 
salary was but $15 a month, and the place of service consisted of a garret so 
lowly that he touched the ceiling when he raised his hand above his head. Not 
the less did there go forth from hence such labors as soon turned the general 
attention on the young astronomer. With so much zeal did Encke apply him- 
self to his duties that only once a week did he leave the observatory and go to 
Gotha. 

He first occupied himself with the newly discovered small planets, especially 
Vesta, whose orbit he traced with superior accuracy, and of whose apparent motion 
he published the ephemerides. Another labor, if one of subordinate importance, 
was not without consequence by placing him in Mendly correspondence with 
Bessel. The Fundamenta Astronoinice had been printed at Gotha, and Lindenau, 
on whom the correction of the press devolved, transfenred this task to his assistant. 
Encke, however, did not confine himself to a comparison of the manuscript with 
the impression, but repeated the calculations. Hence Bessel says, in the preface 
to his work, *' Mr. Encke, who occupies the second place in the Seeberg 
observatory, but who would be an ornament to the first, has given himself with 
unsurpassed skill to the revision of the imprint, even to the detection and cor- 
rection of the errors of the manuscript. I must acknowledge this with the more 
thankfulness, inasmuch as his time is worthily occupied with his own astronomical 
researches, and between us no other bond exists than that which embraces all 
who devote themselves with zeal to the same science." 

The first of the more important labors of Encke relates to the comet of 1812.* 

This had been observed for two months at all the greater observatories. Encke 
had, at his first residence inGotlingen, and therefore immediately on the appear- 
ance of the comet, begun the calculation which, in the well-considered and careful 
employment of numerous observations and the exact execution of extended com- 
putations, takes rank with the most admirable investigations of this nature. It 
was crowned with a special result, since an eUipticaJ orbit corresponded with 
the revolution of nearly 71 years. 

How important this discovery was considered at that time is seen firom a letter 
of Bessel's : " You have adduced the strongest proof for the shortness of the 
revolution of this comet, and placed the resmt in the clearest light. We have 
now, since we begin more narrowly to observe and to calculate the comets, quite 
other views to maintain. Halley's comet seemed only to be an exception. As 
regards that of Olbers, I scarcely trusted my own calculation, as this gave but a 
middling revolution. Yours is now the third. Our successors, through an exact 
investigation of the planet-masses, will be enablM to recognize the true move- 
ment of the heavenly bodies with a perfection of which we have scarcely an idea.^ 

* In the second volume of the 2ieU$ehrift far Attronomie und verwandU Wissensehaften, 
p. 337 et $eq. 
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Encke immediately tbereafter addressed himself to a similar yet more trouble- 
some inquiry. The editors of the Zeitschrift fur Astronomie had chosen as the 
thesis for the prize offered by Cotta,'the compntation of the orbit of the comet of 
1680. This comet, on account of its luminosity, the length of ita tail, which 
comprised 80 degrees, as well as the duration of its visibility, had presented one 
of the grandest phenomena of which the history of the heavens makes mention. 
It had been extensively observed by the astronomers of the period, especially 
by Flamsteed, Newton, and Gassini, though the observations had been limited 
to the measurement of the distances of the fixed stars, and the comets' place had 
been in part only estimated, inasmuch as the observers had been content to sup- 
pose the body bisected by two great circles drawn through four neighboring 
stars, which circles only approximately touched it. 

Encke wrote toBessel that, at the special request of Lindenau, he would attempt 
the solution of the problem, and with this view requested the communication of 
a number of stellai* positions from the catalogue of Bradley. With this request 
Bessel at once complied, but expressed the apprehension that the result would 
scarcely justify the expenditure of time, as he deemed the observations too uncertain. 
And, indeed, of so large a number of measurements there were but few that 
were available. In many cases it was even uncertain from what fixed stars the 
distances were measured. Nevertheless it was found, on critical examination, that 
Flamsteed's observations disclosed a high degree of accuracy, since their probable 
errors amounted to but 15 seconds of arc spherical. With due regard to planetary 
disturbances this orbit was also shown to be elliptical, and the period of revolu- 
tion was found to be 8,813 years. 

Gauss cordially congratulated Encke '^ on this admirable prize essay, to which 
he \^aQ indebted for so much pleasure." Bessel expressed himself in more 
specific terms : " It is without example that the more ancient observations have 
been reduced to so small a probable error. We learn from this, that to a good 
astronomical result there is indispensable, besides a tolerably good instrument and 
a capable observer, an able calculator also. If the last be wanting, the rest is 
little worth." 

Together with these great labors Encke occupied himself in many ways with 
the incidental calculation of cometary orbits. As often as one was discovered, 
and had been for some time observed, he was accustomed to publish, not only 
its orbital elements, but, to facilitate further observations, its ephemeris as well. 
The constant practice and fine perception which guided him in the choice and 
grouping of the observations enabled him to arrive with wonderful certainty at 
a con-ect result. A remarkable example of this was furnished by the third comet 
of 1819, for which Encke, from some scanty Marseillese and a few Milanese 
observations, so accurately calculated the elements of an elliptic orbit and a 
revolution of 5J years, that on the re-discovery of the comet at the Bonn obser- 
vatory after seven revolutions (in the year 18d8) no important qualifications were 
admissible. This practical knowledge and perspicacity led, no doubt, to the 
discovery through which Encke's name is most generally known. 

A comet was discovered November 26, 1818, by Pons at Marseilles, the path 
of which, as Olbers soon remarked, was nearly coincident with that of the comet 
of 1795 and 1805. It had been already surmised that the orbit was elliptical 
and the period of revolution short beyond example. The elucidation of this 
remarkable circumstance was probably undertaken by many astronomers, though 
it was Encke who first succeeded in shedding complete light upon it. The time 
of revolution amounted to 1,207 days, or nearly 3^ years, and it was this comet 
respecting which Bessel had expressed a conjectural opinion that it moved in an 
elliptical orbit.* 

In a communication on this comet Olbers extols '^ the skill, the care, and the 

* In the Berlmer Astronomiehes Jakrbueh for 1822, which was pablished in 1819. ^ 
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genius'' which Encke h^d layiehed on the calculations. Bessel, who had heard 
of the comet during an absence from Kdnigsberg, wrote to one of his scholars : 
'^ It becomes clearer and clearer that this comet is the most important scientific 
discovery of the present century." Olbers also expressed himself in the same 
terms in a letter to Bessel. 

Although the short period was in itself of the most pregnant consequence as 
affording the prospect of a more certain determination of the masses of the planets 
which exert an influence on the comet, yet further investigation soon led the way 
to another wholly unexpected result. Encke found, in effect, that this comet 
had been observed, also, in 1786, and hence four times in all, while no less than 
seven times in the interval its return hod not been noticed. From a comparison 
of the three intervals .between the observed transits it resulted, with all due 
allowance for the planetary disturbances, that each revolution, as regards the 
next preceding one, had been shortened by about three hours. 

Olbers was the first to conjecture that the comet encountered a certain resist- 
ance whereby its approximation to the sun, and, consequently, the shortening of 
its period of revolution might be accounted for. Encke concurred in this view, 
whUe Bessel dissented from it. In the correspondence between the two, the 
reasons for and against the hypothesis were, for many years, fully discussed. 
In 1830 Bessel writes : " What admirable results are yielded by careful labor 
is now again seen in the conformableness of that unknown disturbance which 
you call resistance. Of the existence of such disturbance there can be no doubt, 
nor could there be long ago, but that it is a real resistance becomes more proble- 
matical to me the more I reflect upon it.'' 

Encke continued assiduously to observe this comet, which he always called 
the comet of Pons, though his own name was, with perfect justice, commonly 
applied to it. Before each of its returns he made known its ephemeris in order 
to facilitate observation, and as the shortening of the period of revolution con- 
stantly recurred, in which fact he saw a confirmation of the above hypothesis, he 
developed, in 1831, his theory of the movement of heavenly bodies in the resisting 
medium. For the constants introduced, the values admitted of deteimination 
fix)m foregoing observations. 

Halley's comet, which re-appeared in 1835 after a period of 76 years, occupied 
very exactly the same positions which Rosenberger had previously calculated 
from the earlier observations. By this body, therefore, the hypothesis of tlie 
resisting medium was not confirmed, though it was by no means decidedly con- 
tradicted, because neither the earlier measurements nor the masses of the planets 
relied upon as a ground of calculation could be regarded as altogether certain^ 
perhaps, also, this comet might have a denser mass^ and the eflects of resistance 
be on that account not so conspicuous. 

The comet discovered still later by Faye seemed at last to remove the doubt 
previously existing. The period of this body, 7j years, was, according to Mdl- 
Ws computation, shortened at each revolution by about 17 hours, and Encke 
showed {Berliner Astronomisches Jahrbuchfur 1864) that this acceleration could, 
with very close approximation, be explained by the resistance which the comet 
of shorter circuit had undergone. In the meantime Moller communicated the 
results of a more rigorous calculation, (Astronomische Nachrichten^ vol. 64, p. 
145,) in which were considered those quantities of the second order in the 
co-ordinates of the disturbances which arise from the changes sustained by the 
elements through the addition of new fundamental places at the more recent 
returns. By this it was found possible to bring all the three phenomena into 
harmony without the assumption of the resisting medium. The errors remaining 
over were, through this procedure, it is true, considerably greater than after the 
first calculation, but Mdller entertained the hope of beiug able, by a renewed 
and stricter calculation, to attain a still closer conformity. Whether, therefore, 
Faye's comet does or does not confirm the hypothesis of the resisting medium. 
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or^ in more general terms, that of a yet unknown oanse operating upon both 
comets, still remains nndecided. 

Two other important investigations of Encke related to the son's parallax, as 
derived from the transits of Venus in 1761 and 1769, the last of which Cook 
had observed at Tahiti. After correction of the observations, revised by 
Father Hell in Vienna, Encke found the parallax to be 8.57 seconds. " You 
have turned to account,'' wrote Bessel, *' what had been collected by the expen- 
diture of vast sums and by the efforts of many, and thus those efforts have first 
achieved success and still point onward to a step in advance." This magnitude 
of the parallax was for a long time generally accepted ; but subsequently, from 
the opposition of Mars and the disturbances of the moon, was estimated at 8.9 
seconds. The difference between this value and that found by Encke arose 
£'om the circumstance that the position of the places of observation was not 
ascertained with the requisite precision. After a more accurate determination of 
this point in later times, the sun's parallax, as deduced from those old observa- 
tions, has been shown by Powalky to amount to only 8.832 seconds.* 

Encke's personal position had so for changed, soon after his accession to the 
observatory, that the charge of its management had devolved on hira, at first 
partially, through the intermitting attendance of Lindenau, and soon wholly, 
from the absorption of the latter in administrative affairs. As no other duties 
claimed his time, Encke could now resign himself to scientific labor with free and 
entire devotion. The value which he placed upon this rare immunity is seen 
fit)m a letter in which he declined an appointment tendered him of a professor- 
ship in the University of Greifswald. The chair of mathematics and astronomy 
had there become vacant by the death of Professor Droysen, in 1814, and for 
some years no successor was appointed. Bessel called Encke's attention to this, 
and as, in regard to external circumstances, the situation presented great advan- 
tages over that of Seeberg, proposed to recommend him for it. The philosoph- 
ical faculty at the same time consulted both Gauss and Bessel in regard to a 
choice. The preference of Gauss fell upon Gerling, who had already approved 
himself as a teacher, though next he recommended Encke, whom, in regard to 
knowledge and capacity, he rated quite as highly. Bessel, on the other hand, 
named Encke in the first place : '^ He is a young man whose character is as 
amiable as his acquirements in astronomy and mathematics are distinguished } 
nor is his skill as a practical astronomer less so. Many are the admirable labors 
for which we are already indebted to him, evincing a diligence and conscienti- 
ousness beyond praise." 

To the question now addressed by the faculty to Encke, whether ho would 
permit himself to be placed in nomination for the office, he replied, March 16, 
1818, as follows : •* My place here as adjunct of the observatory I have now 
occupied for two years, and must, in justice, regard it as eminently fortunate, 
seeing how much my student years were abridged by the distractions of the war, 
that I have been assigned to a position so wholly free from the demands of 
other business, provided with so excellent a stock of instruments, under a direc- 
tor (Herr Von Lindenau) whom Germany honors as one of its first astronomers, 
and where, in short, it is permitted me to live exclusively for science. This posi- 
tion has at present so far changed that the dinector, involved in many other afi'airs, 
and but just returned after a year's absence, has no prospect but to be again and 
repeatedly absent in the course of the current year. Under these circumstanoes 
my employers have taken occasion so clearly to indicate their wish that I should 
remain here, that I should little respond to their previous kindness were I not 
ready to forgo the great advantages proffered me by the Greifswald University. 

* [This element has been recently investigated at the Naval Observatoiy, Washington, by 
Professor Newcomb, from all the more valuable data of recent times, and its valae is thus 
fixed at 6''.B5, with a probable error of not more than two or three hundredths of a second. 

jigitized by V^jOC^* ^3 
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How highly soever, therefore, I may appreciate the honor of the proposal made 
to me, I am under the necessity of declining its acceptance.'^ 

We learn from a note by Gauss that the ducal government had taken the 
^Kjcasion of this call to increase the salary, and also to confer upon Encke the 
title of professor. Two years later he was named vice-director, and in 1822 
director <rf the observatory. 

In the last named year Walbeck died in Abo. Encke, though widely solic- 
ited to propose for the vacant place, could not be induced to cotaply, though 
here again the opportunity of greatly bettering his circumstances was presented 
to him. The grounds of his refusal were freely communicated to Bessel, and 
among them we find his recently contracted marriage : he was unwilling to 
transport his youn^ wife to so northern a latitude. 

Not the less did the discomforts and inconveniences of the residence at the 
observatory continue to be sensibly felt. Daring storms it was impossible to 
leave the building or have access to the city. Even with moderate winds the 
stroke of the pendulum clock could not be heard, and thus the observations 
were rendered difficult. Particularly annoying to Encke was the loss of the 
library, which belonged partly to Zach and partly to Lindenau, and which, in 
1822, was withdrawn by both owners. At last, however, the prospect of a 
favorable change ofiered itself. Tralles, till then secretary of the physico- 
wathematical class of our Academy, had died in 1822. Gauss was nominated 
as his successor, but at the close of 1824, after long negotiations, peremptorily 
declined the offer. At the same time Bode took his discharge, and it thus 
became practicable to unite with the above named place that of director of the 
academical observatory. 

Bessel wrote to Encke, February 16, 1825, that this place had been offered 
to him, but that he had unconditionally declined, because he could not leave his 
own observatory. He had named Encke as the only one suited for it. The 
academy had approved of the proposition, and committed to him the negotiation 
respecting it. He goes on to say : " You will see what rare fruits will proceed 
from our co-operation. I know your modesty, and feared that you might not 
deem yourself qualified. To any such objection I oppose the firm conviction 
that you, and you alone, are fully qualified for the position ; and I expect you 
on this point to believe me rather than yourself, which, in view of your modesty, 
cannot be so very difficult." 

Encke answered that he hoped indeed that he was competent to the continu- 
ance of the journal fJdhrbuch) and the execution of astronomical calculations, 
though he must absolutely decline if the demands went any further. Bessel, 
who was just setting out on a journey to Berlin, wrote, March 20 : "I will 
make inquiry about everything, and when I learn that your wishes in regard to 
the definite occupation can bie complied with, and if a suitable provision bo stipu- 
lated, r shall, in your name, say yes. Do not be startled at this liberty which 
I am taking. You can limit it by a letter which will reach me at BerDn." 

Such a letter accordingly came, but it contained no decided reftisal, and hence 
Bessel could write in reply : " You have not forbidden the agreeement, so I now 
hold you fast ; you are now one of us.'' 

The election which ensued in the academy was confirmed by the higher 
authorities, and Encke was named, June 21, member of the academy, secretary 
of the class, and director of the observatory. The ducal ministry, at the head 
of which Lindenau then stood, soon ^ after accorded him a discharge from his 
previous situation, adding that '' it dismissed so distinguished an official with 
regret, and only not to be a hindrance to his prospects in life.'' 

Encke arrived at Berlin, October 11, 1826. He soon felt himself on a level 
with the duties devolved on him, and found, complete satisfaction in their dis- 
charge. He was not bound to make reports to the university, but he voluntarily 
adopted the practice the following year. By the philosophical faculty of the 
university the honorary diploma of doctor was conferred on him, September 11, 
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1826, as a testimomal ''to tbe sagacious mathematician and sncoessful investi- 
gator of the cometary system" — mathematico sagacissimo, cometarum indagatori 
fdicissimo. 

Previously to these events an important scientific undertaking had been sot 
on foot by Bessel — ^the editing, namely, of stellar charts^ which should represent, 
in 24 sheets, the zones included between 15° north and 15° south latitude, with 
all the stars, to those of the 9th and ioth magnitude, which could be disceiiicd 
with a Franenhofer comet-searcher of 34 lines opening and tenfold magnifying 
power. Very soon after Encke's accession the academy invited the fnends of 
astronomy to participate in the enterprise, stipulating a suitable honorarium for 
each available sheet. It was Encke who undertook the correspondence in regard 
to the repartition of the task, as well as the critical examination of the sheets 
and care of the engraving. The business part thus assumed, while in itself the 
most unthankful of the whole, was rendered more difficult because those who 
contracted engagements often failed to fulfil them, and sometimes what was pro- 
duced did not answer to the requirements. At the close of 1858, and hence 
after 33 years, the last sheet made its appearance. The results of this under- 
taking surpassed, even before its completion, all expectation. The first discov- 
ery of a new planet, Astrsea, occurred in 1845, and others rapidly followed. At 
present, with the use of these charts, or in consequence of the completeness ren- 
dered attainable by them, 81 planets have been detected, while the discovery 
and observation of comets have been essentially facilitated. 

The editing of the astronomical Annual (JcihrhtAch) had still occupied Bode 
on his withdrawal from the observatory. The tables for 1829 had already ap- 
peared and the calculations for the following year been begun, when Bode died, 
November 24, 1826. Encke undertook the continuation, and as the tables in 
their then extent and precision no longer satisfied the new demands of science, 
it was found necessary to give them greater enlargement and completeness, as 
well as to employ a still more rigorous computation. If Encke in this labor 
availed himself of extraneous help, it was still so exacting that he was con- 
strained at once to forego his lectures at the university. 

What acceptance the new Ai^nual found with astronomers may be gath- 
ered from Bessel's letters. " This is indeed an ephemeris," he said, " such as it 
should be. You make an offering of yourself for astronomy, and one can but 
wish that the progress which you aim at in doing so may ind^ be realized, and 
that the result may correspond to the magnitude of the sacrifice. I have always 
thought that an ephemeris of this calibre must produce great results, but I had 
not believed that any one would subject himself to so great a trouble '^ • • "I 
have been completely charmed with your work, and confess that I can imagine 
nothing more complete. It is all excellent. But explain to me, I pray, why it 
is that the French have not a Ckmnaissance des Terns and the English a Nautical 
Almanac such as your Year-book afibrds, although both, and especially the latter, 
do not want for money to pay hosts of calculators. But what is absent, in fact, 
and is almost always absent, is the clear insight into science and its true wants.'' 

In the course of the following year many complementary improvements were 
introduced, the Annual for 1844 being especially enlarged, at the instance of the 
ministry of commerce, by several extensive tables for the use of mariners. These, 
however, were but little employed in the Prussian marine, chiefly for the reason 
that the sea charts were constructed with reference to another meridian, that of 
Greenwich, and the nautical tables in question were withdrawn firom the Annual 
for 1852 and the following years. 

The Berlin observatory, in Dorothea street, which Encke had undertaken to 
conduct, answered not long to the demands of the new astronomy. It had been 
erected in 1711, and was furnished with the instmments corresponding to that 
period. It was situated, at first, without the city, but Berlin had in the mean- 
time spread so much in that direction that high buildings overtopped it. About 
the year 1800 the necessity was seen of adding an additional story, but the 
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steadfastness of tbe instniinents was thereby still more prgudiced, and the con- 
cnssion of the interconrse in the streets hindered all exact measurement. To 
this must be added the continued noise and the impurity of the atmosphere. 
Encke wrote, soon after his arrival, to Bessel, that the only serviceable instru- 
ment was the Frauenhofer heliometer, though this, too, coidd scarcely be used 
on account of the insecure stability. The best thing about the observatory was 
the library, limited as it was. 

After Bode^s death the erection of a new observatory was canvassed, and if 
at first Encke expressed himself with some humor about the propose4 destina- 
tion thereof, he nevertheless soon entered earnestly into the scheme. Bessel 
urged him to consider well " whether the satisfaction in the possession of an 
observatory or the hindrance to those labore to which he owed his renown, were 
greatest." In a following letter it is said : " I regard you as the astronomer on 
whom the superintendence of the calculations is obligatory. Others have other 
functions : you, my dear Encke, can undertake nothing new without neglecting 
what has earlier claims upon you, and is in reality of more essential importance. 
Be cautious, I pray you, in this matter." 

Encke now addressed himself to Humboldt with the request that he would 
decide upon the proper objects of an observatory for this country. Ordinary 
observations, such as can here be scarcely conducted, are at present, he argued, 
without value. If it were proposed to afford opportunity for serviceable astro- 
nomical observations, a new observatory would be indispensable. This commu- 
nication led Humboldt to second the movement for building a new observatory, 
which was authorized October 15, 1828, at the same time with the ordering of 
several important instruments from artists of the best repute. The purchase of 
a large refractor, which Frauenhofer had nearly finished, immediately followed. 

Encke's questions drew from Bessel a prompt answer respecting the judicious 
arrangement and equipment of the observatory, but still accompanied with pre- 
cautionary counsels : *'I think that neither your efficiency nor satisfaction will 
gain anything if you convert yourself into an observatory astronomer. In my 
opinion the observatory should not be the main point with you. An assistant, 
adjunct, or whatever you may please to call him, should do the work therein. 
Immeasurably more is to be done in order to save the material collected from 
being lost and suitably to use it. If this is once accomplished, it will be then 
for you to show to what ends further observations may be directed with the most 
fruitful results." 

In the beginning of 1835 the building was finished, the instruments soon after 
put in position, and the activity of the new observatory commenced with the 
observation of Halley's comet. The observations which, since that epoch, have 
been instituted, partly by Encke himself and partly by his assistants, have been 
published in four volumes, which will soon be followed by a fifth. 

How close were the friendly relations between Bessel and Encke is seen from 
the foregoing communications. They were knit still more closely when Encke 
took charge of the conections of the press for the Fundament Astronomicc, 
After Bessel, on a journey in 1819, had formed a pereonal acquaintance with 
Encke, he wrote to him : " I see in you not only a finn stay of astronomy in Ger- 
many, but a cherished and outspoken friend ; both considerations prompt me to 
wish that you should continue to accord to me a portion of your afiectionate regard." 

On his retmn to Kdnigsberg Bessel spoke with enthusiasm of the gifted and 
estimable astronomer whose fifst labors pad deservedly raised him to the highest 
consideration. The correspondence which followed was not restricted, like that 
between Olbers and Bessel, to scientific communications and the more serious 
affairs of life, but was rather a confidential intercommunion, which embraced at 
once their i-espective enterprises, whether begun or contemplated, and the frankest 
utterances on subjects of every nature. It is not to be disguised, however, that 
Bessel gave freer scope to his feelings, while Encke often observed a certain 
degree of reserve. This intercourse had already lasted some years, when^ we 
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find Bessel constrained, as it were, to beg of '' the bigbly respected professor'' 
that he would not allow their correspondence to languish. '' You cannot do me 
the injustice to suppose that any one in the world is dealer to me and more highly 
confided in than yourself. Wherefore, then, a formality which, on my part, has 
been long ago discarded t'^ 

That views and conceptions should sometimes have differed was, of course, 
' jvitable. The difierences, however, were calmly discussed in the correspond- 
ence, but they failed not progressively to become more and more pronounced and 
frequents The last friendly letter Bessel closed with the words, '^ I cannot 
imagine that difierent relations should find an entrance between us." Not the 
less, however, did such relations find entrance, and that immediately. The 
occasion was given far less by any single controverted points which had arisen 
in the course of astronomical journalism than by the contrast of personal position. 
Bessel, easily excited in oral as in written intercourse, as warmly maintained the 
opinions which he conceived to be right as he emphatically repelled those opposed 
to them, and so sometimes forgot thftt he who had begun earliest had not only 
e^ted himself into a master, but expressly assumed a higher and more influential 
position than was his due. Thus in one of the last letters Bessel styles himself 
^* the experienced friend," and, as such, thought himself authorized to counsel and 
warn, whereupon Encke explained ^' that he could only take the course which] 
alone was consonant to his nature." t 

Since 1837 only a few formal and professional letters hud been exchanged.] 
When Encke, however, in 1845, sought to obtain Bessel's views with regara to] 
a new edition of the treatise of Olbers on the calculation of the orbits of comets,' 
he made, as in earlier years, various communications respecting his own labors, 
and added the assurance of his deepest concern for Bessel's afflictions. The 
answer, besides the desired opinion, conveyed a thankful acknowledgment. At 
the close of the same year Encke communicated the first result of the stellar' 
charts in the discovery of a new planet. A mutual approach was thus again in 
process, when some months later the death of Bessel occurred. 

1 he words which, from this place, Encke 20 years ago dedicated to the memory 
of Bessel, contain the fullest recognition of his great services in behalf of 
astronomy, but make no mention of the friendly relations which had existed 
between them. On that subject nothing could be ventured without, at the same 
time, recalling their later and well-known estrangement. However much that 
estrangement is to be regretted, it now no longer forbids us to recur to a friend- 
ship which not only endured with singular devotion for 30 years, but was of 
great importance for the advancement of science. 

It only remains to recount the occupations of Encke's life during the last ten 
years. The extensive calculations for the Year-book, if , to a certain extent, 
devolved on the assistants, continually required his co-operation, and the more 
as the numerous newly discovered planets were to be taken into consideration. 
The academical functions connected with the editing of the stellar charts, the 
discourses before the university, the participation in the observations at the 
observatory, and in the accurate testing of the new and older instruments there 
deposited, together with his activity in the commission of studies for the military 
academy, and in the deputation respecting the calendar, to say nothing of the 
manifold inevitable demands which await the director of an observatory in a 
large city, all these appear so engrossing that we have only room for wonder 
that Encke should still have found time for the communication of so large a 
number of scientific papers to the transactions of the academy, the astronomi- 
cal Year-book, and various mathematical and astronomical journals. Many 
of these relate to the execution of calculations, such as the method of least 
squares, interpolation, the mechanical quadrature and the like. They are chiefly 
of astronomiciEd import, and bear relation to the parallax of the sun and moon, 
the dimensions of the terrestrial globe, the constants of the Berlin observatory, 
the masses of the planets, the determination of the orbits of planets and those 
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of comets ; the latter as well with reference to parabolic as elliptical and hyper- 
bolic orbits 5 the calcula^on of occultations ana transits, the testing of different 
astronomical instruments, and in an especial manner the disturbances arising 
jfrom the approximations of the heavenly bodies. Not only did he set forth in 
more than one treatise, and, with singular clearness, rules for the calculation of 
these disturbances according to the old method of Lagrange, as perfected by 
Gauss and Bessel,but almost simultaneously with the younger Bond at Cambridge, 
in America, he suggested a new method by which the calculation of the orbital 
elements of many of the recently discovered small planets was essentially facili- 
tated. By this, instead of the changes which the disturbances produce in the 
elements of the orbits, it was proposed immediately to calculate those which the 
rectangular co-ordinates undergo. This method, if somewhat uncertain for lonff 
periods of time, was, on account of its convenience, extensively employed, till 
the later method devised by Hansen became more generally introduced.. Encke 
also composed some physical treatises on dioptrics and the ballistic problem, as 
well as several popular lectures on different astronomical subjects. The latter, 
though but partially published, were distinguished for an ingenious co-ordination 
of facts, and were received with unqualified applause. 

Towards his numerous friends and acquaintances Encke maintained that 
uprightness of intention which, with his sympathetic and open nature, his clear 
and unperverted judgment, won him the highest consideration and love. In his 
domestic circle the course of a serene life was disturbed by no loss until, in 1856, 
the news amved of the death of his second son at Rio Janeiro. 

On the 17th of November, 1856, Encke fell in the street from sudden vertigo. 
Although the apprehensions at first felt were not realized, yet the rare vigor of 
earlier years did not return. A new and severe loss befell him the next year in 
the death of his brother, the same with whom he had entered the Prussian artil- 
lery, 45 years before, and who had since been advanced to the rank of lieutenant 
general. A few years later he lost his si^er, who had lived in his house. In 
February, 1863, he sustained an apoplectic attack, from which he so far recovered 
as to be able to return to his labors, and even to jom*ney to Leipsio in order to 
witness the nuptials of his old scholar, professor Bruhus, but his condition 
remained so critical that soon all intellectual effort was forbidden him. He 
therefore spent the summer with his friends in Goslar and Wemigerode, and, on 
his return, was still bent upon resuming his labors, but his physician, the more effec- 
tually to prevent this, ordained hipi a new journey to Kiel ; from Kiel he went with 
his family in December, 1863, to Spandau, where his eldest son was established. 
At his urgent and oft repeated request he was permitted by his medical adviser 
again to visit the observatory. Here he traversed with interest the observing 
rooms, and marked with particular attention the changed erection of the great 
refractor, which was now borne upon a stone pillar instead of the old wooden 
support. He soon tired,' however, and returned contentedly to Spandau. From 
this time his bodily strength and mental activity continued to decline, until a 
second apoplectic attack occurred in July of the next year, and was followed by 
complete paralysis. A painless death released him, 26th August, 1865, from 
long sufferings. 

If Encke's services in behalf of astronomy secure him an enduring remem- 
brance, it continues also to survive in the grateful recollection of his nuiqerous 
pupils. In the calculations for the Year-book, as well as in the prosecution of 
other astronomical labors, he delighted to find himself surrounded by young 
people, to whose instruction in all parts of knowledge he gave himself with a 
rare talent for conveying it ; ever entertaining with tnem the most friendly rela- 
tions, and thus winning to the pursuit of his science a number of pupils unequalled, 
perhaps, by any other astronomer. Among them may be counted the present 
directors of the observatories of Berlin, Breslau, Leipsic, Hamburg, Bilk, Copen- 
hagen, Helsingfors, and Dublin, who, with many others, have contributed through 
their scientific labors greatly to extend his reputation. ^ 
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CFromthe Transaetious of the Literary and PhUoiophieal Society of Maneke$ter^ England 

vol, II, third Meriea, 1865.) 

The sabject of this memoir was bofn, of respectable parents^ at the small 
Tillage of Anderton, in the parish of Great Budworth, Gheshke; on the 26th of 
February, 1789 ; died at Eglesfield House, Higher Broughton, Manchester, 
June 18, 1861, in his seventy-second year, and was interred at his native village. 
His father died when he was about six years of age, leaving his mother with three 
children, whose education and maintenance depended upon her exertions and 
prudence. He left his native village, with his mother and sister, at the age of 1^2, and 
came to reside at Salford, Manchester, where he remained the greater portion of 
his after life. He was elected a member of this society in the year 181^6, and 
he enriched the society's memoirs with the following important papers, thus laying 
the foundation of his reputation as a sound mathematician and an original thinker : 

" On the Transverse Strain and Strength of Materials," (read March 22, 1822.) 

"On the Chain Bridge at Broughton," (read Februarv 8, 1828.) 

" On the Forms of uie Catenary in Suspension Bridges," (read February 8, 
1828.) 

"A few Remarks on the Menai Bridge," (read December 12, 1828.) 

*' Theoretical and Experimental Researches to ascertain the Strength and 
best Forms of Iron Beams," (read April 2, 1830.) 

" Appendix to the Paper on the Chain Bridge at Higher Broughton, Man- 
chester." 

" Some account of the late Mr. Ewart's paper on the Measure of Moving 
Force, and of 'the recent applications of the Principle of Living Forces to esti- 
mate the effects of Machines and Movers," (read April 30, 1844.) 

He occupied in succession the distinguished positions of vice-president and 
president of this society. He was a leading member of the British Association 
for the Advancement of Science from its commencement, and contributed greatly 
to the interest and efficiency of the mathematical and mechanical sections. He 
also gave active help to the association in several valuable reports on pure and 
mixed science. These reports, which have in a great degree assisted in main- 
taining the high scientific renown of the association, are as follows : 

Third report, 1833 : " On the Effect of Impact on Beams." " On the direct 
Tensile Strength of Cast Iron." 

Fourth report, 1835 : " On the Collision of Imperfectly Elastic Bodies." 

Fifth report, 1835 : " Impact upn Beams." 

He heM the distinguished position of vice-president of the association in the 
year 1861. 

In the year 1841 he was elected a Fellow of the Royal Society, and contrib- 
uted to its transactions two elaborate papers : 

" Experimental Researches on the Strength of Pillars of Cast Iron and other 
materials," (read May 14, 1840.) 

The aim of this paper was greatly extended in the second communication : 

^' Experimental Researches on the Strength of Pillars of Cast Iron from various 
parts of the kingdom," (read June, 1857.) ^ ^ 

Digitized by VjOOQIC 



204 MEMOIR OF EATON HODGKINSON. 

For the first paper the council of the Royal Society awarded the gold medal 
as a mark of their appreciation of its practical investigations. 

He was appointed professor of the mechanical principles of engineering at 
University College, London, on the 6th of Febraaiy, 1847, and lectured during 
the sessions of 1847 to 1853^ inclusive. In 1847 he was appointed a member of 
the royal commission to inquire into the properties of wrought and cast iron and 
their application to railway structures. The results of his labors in this impor- 
tant inquiry are given, with marked reference to their magnitude and efficiency, in 
the commissioners' report of 1 849. He was consulted by the late Robert Stephen- 
son in reference to the construction of that great national work, the tubular bridge 
over the Menai straits. His experience and mathematical knowledge enabled 
him to suggest and carry out a series of experiments, at the cost of several 
thousand pounds, with a view to investigate the bearing properties of wrought 
iron rivited tubes, and to satisfy the mind of this great engineer as to the sta- 
bility and safety of the Britannia and Conway tubular bridges. He ^edited an 
edition of " Tredgold on Cast Iron," to which he added a second volume, giving 
an account of his own experiments and discoveries, published by Weale, 1846. 
The title of the second volume is, "Experimental Researches on the Strength 
and other Properties of Cast Iron, with the development of New Principles, calcu- 
lations deduced £rom them, and inquiries applicable to Rigid and Tenacious Bodies 
generally." 

The most novel and important conclusions here given are as follows : 

The strengths of long pillars of cast iron, wrought iron, cast steel, and 
Dantzic oak, of the same dimensions, are' in proportion to the numbers 1,000, 
1,745, 2,518, 109. Cast iron is not reduced in strength when its temperature is 
raised to 600**. 

The sets, in cast-iron beams, vary nearly as the square of the force of deflec- 
tion 5 hence any force, however small, will injm'e the elasticity of cast iron. 
The strength in tons of beams approaching the best form is measured by the 
formula 2,l66ad'^l, where a= area of section of bottom flange in the middle, 
d= the depth in inches of the beam, and 1=: the distance in feet. 

A general investigation of the position of the neutral line is given on the 
principle that the forces of extension and compression of a particle vary as any 
function of its distance from the neutral line. This includes every'hypothesis 
which has been proposed in order to compute the strength of material bodies 
subjected to strains. 

BUtTH AKD EDUCATION. 

As I have already stated, Mr. Hodgkinson was bom at Anderton, Cheshire, 
in the year 1789. His father, a respectable farmer, died of fever when his son 
Eaton was about six years of age, leaving Mrs. Hodgkinson with two daughters 
and a son. On his father's decease his mother determined to continue the farm; and 
by industry, thriftiness, and business-like habits she was enabled to educate her 
children respectably, and to send her son to the Grammar School of Nortbwich. 
At this school he received the radiments of a classical education, as he studied 
the Latin, Greek, and Hebrew languages under the immediate supervision of 
the head master, Mr. Littler. This was done to meet the wish of his uncle, the 
Rev. Henry Hodgkinson, rector of Aberfield, Berkshire, who was very anxious 
that his nephew should be educated with a view of going to Oxford or Cam- 
bridge, to prepare for the church. The desire of his uncle was, for a time, grati- 
fied, and the hope was strongly indulged that one day Eaton Hodgkinson would 
be a student of one of the univeraities ; hence the study of classics in his early 
youth was considered indispensable, although it was not exactly in conformity 
with his tastes and habits of thought, as at an early age he was naturally more 
inclined to the study of mathematics than of lanffuajjes. r^ ^^^i 
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To the severe treatment which he here suffered, his consin, Mrs. Thompson, 
attributes the nervous tremor of his hands and speech which continued with him 
through life, and was a serious impediment to his success. The Rev. Mr. Littler 
was a very severe disciplinarian, and if a boy could not learn he tried to fios it 
into him ; and young Hodgkinson, owing to his inaptitude for languages, having 
received a sound thrashing for not having learned his lessons pe^ectly, was 
removed from the grammar school and placed in a private school in Noithwioh 
of far less pretensions, but more in unison with his aspirations. 

This pnvate school, to which he was removed because he did not show a 
decided taste for the study of languages, was conducted by Mr. Shaw, a gen- 
tleman of superior mathematical attainments, and possessing great tact in teach- 
ing and in the general management of boys. It was at this school that Mr. 
Hodgkinson finished his youthful education. He obtained a good dcCTee among 
his school-fellows, and a distinguished position in the affections of his master. 
The instructions of Mr. Shaw in mathematical subjects were fully appreciated 
.by Hodgkinson, and consequently he made rapid advances in the various studies 
to which his attention was directed. Here he laid the foundation of that math- 
ematical knowledge which he afterwards applied with singular success to the 
extension and development of the theory and practice of the strength of mate- 
rials. The bias of Mr. Hodgkinson's mind at this period, and the position in 
which his mother was left, seemed to require a reconsideration of his future. He 
was now growing in stature as well as in knowledge, and his mother found him 
very useful to her in the outdoor work on the farm ; therefore it was deemed 
desirable to abandon the idea, once strongly entertained, of prosecuting her son's 
education with a view of entering the church, and to allow him to devote his 
attention and energies to the skilful management of farming. 

Mr. Hodgkinson therefore gave up all thoughts of the church, and Latin,* 
Greek, and Hebrew were changed for more congenial subjects of study. He 
commenced at once his career as a Cheshire farmer ; but although he felt it a 
duty to assist his dear mother, and meet her wishes to the best of his ability, 
still he made but little progress in his new vociation. Farming, which had been 
thrust upon him by sheer necessity, was not suited to his genius ; but he pur- 
sued it for a time as a paramount duty, from which his conscientious devoted- 
ness to his mother and sisters would not allow him tg escape. The seeds of 
pure and mixed science, which had been thrown broadcast into his youthful 
mind by Mr. Shaw, were now beginning to germinate, and to rise from their 
latent state into full and sensible existence, creating, as they advanced to matu- 
rity, new wants and fresh desires, which could not be gratified by farming or the 
society of a Cheshire village. The fruit thus developed at the village school 
indicated, with unemng certainty, a different direction from Cheshire farming or 
the church. His mother saw this, and she was ready to bend to circumstances 
which she could not successfully resist. Hence he persuaded her to give up her 
farm in Cheshire, and embark her small capital in a pawnbroking business at 
Salford, Manchester. Their friends advised this step, as the best to promote 
the interests of the family and satisfy the thirst of Mr. Hodgkinson for scientific 
knowledge and society. The family, therefore, moved from Great Bud worth, 
Cheshire, to Salford, Manchester, in the year 1811, when Mr. Hodgkinson was 
about 22 years of age. This step was the turning-point of his career, and but 
for this in all probability he would have past a life of inglorious ease in a Che- 
shire village, unknown as a cultivator of mathematical and physical science. 

His residence in Manchester was soon productive of important consequences ; 
his habits of thought became fixed, and the line of scientific inquiry in which he 
was to advance was not long left indeterminate. Manchester at this period was 
in its youthful vigor ; it contained men of great intellectual endowments, each 
anxious to distinguish himself in some department of useful knowledge ; among 
these the names of Dalton, Henry, and several others stand out pre-eminent. 
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The business, under the control and management of Mrs. Hodgkinson, assiBted 
by her son and daughter, was successful. 

Mr. Hodgkinson's spare moments from business were now entu^ly devoted to 
reading any standard works on science which he could procure. The works of 
Simpson, Emerson, and Dealtry contributed greatly to his knowledge. He read 
these authors with earnestness and fidelity, and was wholly indebted to them for 
his knowledge of the higher departments of mathematical research. Many of the 
self-taught men of the la§t and the beginning of the present century havo 
expressed their obligations to Thomas Simpson and William Emerson. Their 
works, whatever prejudice may think or say to the contrary, were the best stand- 
ard works of the age 5 and it may be affirmed that the scientific literature of 
the eighteenth century is accurately and faithfully reflected from the pages of 
the weaver of Market Bosworth, Thomas Simpson, and the Hurworth village 
schoolmaster, William Emerson. These humble but highly gifted men were more 
catholic, in their writings than are the authors of the present age. They wrote 
to instruct the mass of mankind, but the writers in these days labor for a special 
purpose, which is limited in its operation : they write only to supply the daily 
routine of the school, without casting a single thought beyond its boundary. 

The late Rev. Robert Muiphy, a Cambridge mathematician of distinguished 
eminence, speaks of Thomas Simpson as an analysist of first-rate genius. (See 
" Murphy's Equations.") M. Clauraut, when in England, paid Simpson a visit 
at Woolwich, in order to compare his own investigations on the motion of the 
moon's apogee with the investigations of Simpson on the same subject. This fact 
alone shows the high position in which Simpson stood in the estimation of the most 
eminent mathematicians of Emx>pe. 

In consequence of his aident love for scientific pursuits, Mr. Hodgkinson 
became acquainted with the most gifted men then living in Manchester. Dr 
Dalton, Holme, Henry, Ewart, Sibson, Johns, Fairbaim, were among the scien- 
tific friends with whom he could freely converse on subjects which possessed a 
mutual interest. In his mathematical reading he sought and obtained the help 
of Dr. Dalton, who was then a private teacher of mathematics in Manchester. 
He became one of Dalton's pupUs, and read with him the works of Lagrange, 
Laplace, Euler, and Bernoulli, whose writings ^^ere now engaging the attention 
of the best and foremost mathematicians of England. These authors had been 
'instrumental in producing a great change in the mathematical sciences at Gam- 
bridge ; their investigations were models of elegant algebraical demonstration, 
both with regard to symmetry of notation and subject-matter of inquiry. The 
friendship of Dalton and Hodgkinson, cemented by genial minds and kindred 
pm*suits, continued uninterruptedly till the death of Dalton. Though each of 
these men had his distinctive field of labor, yet each could hold converse with 
the other on their respective researches, and Mr. Hodgkinson entertained through 
life a profound respect for the high character and great chemical discoveries of his 
friend. The extent of his mathematical reading at this period may be estimated 
by referring to his paper entitled " On the Transverse Strain and Strength of 
Materials," printed in the fourth volume of this society's memoirs. 

HIS CHABACTEB. 

The late Professor Hodgkinson, like a true philosopher, was satisfied with a 
small but adequate competency, and, retiring from business at an early period, 
he devoted a long life and rare mental gifts to the development of science. And 
it is a pleasing reflection that while many men very eminent in the history of 
science have had to wait a long time before their discoveries have been recog- 
nized and adopted, Mr. Hodgkinson had the unusual pleasure of seeing the 
fruits of his- labors appreciated and applied to the construction of great prac- 
tical engineering enteiprises. The youthful days of Mr. Hodgkinsop were jnot 
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marked by precocious talents and wonderfnl achievements ; still he possessed, 
even in yonth, a quick perception of the relations of abstract magnitudes, and 
manifested, like Newton and Stephenson, a strong propensity for making sun- 
dials. 

Manhood developed in him a profound intellect, a highly cultivated intelli- 
gence, unwearied perseverance, and a kind and an affectionate heart. Ho dis- 
charged every relation of life with fidelity, and has left behind him a name 
great in the annals of science, reflecting every manjy virtue, and unsullied by 
any act of meanness. He was, however, very jealous of the products of his 
own mental labors, which he regarded as pei-sonal property, and was also equally 
just in the use of the mental property of other cultivators of science, as he 
would not appropriate the conclusions of any man without due acknowledgment 

If he did entertain any hostile feeling, it was against those who, as he con- 
ceived, were unscnipulous in their appropriation of the fruit of other rten^i 
brains. His sense of justice would not allow him to show the slightest sympa- 
thy with this class of offenders. 

The efficiency of Mr. Hodgkinson's lectures at University College, and of his 
oral instruction generally, was somewhat circumscribed by his hesitancy of speech. 
This peculiarity interfered with his usefulness as a speaker and teacher, and 
rendered his explanations of subjects, even those with which ho was most familiar, 
somewhat tedious to the student. And it is perhaps one of the greatest evidences 
that can be recorded of the power of his mind, that he was thought worthy, in 
spite of his embarrassed address and slowness of speech, to be installed in a pro- 
fessorial chair in one of the leading scientific colleges of the kingdom. As a 
relaxation from severe mental toil, he cultivated a taste for general literature 
and the architecture of the middle ages. Of late years he frequently travelled, 
both on the continent and in the British empire, to examine those stupendous 
cathedrals and other public buildings which adorn western Europe, and which 
testify to the good taste, piety, and intellectual culture of the age in \yhich they 
were built. He was fond also of investigating the remains of antiquity. And, 
what is valued above all by a man of science, he enjoyed the friendship and 
esteem of. his contemporaries, who were able to estimate his worth, appreciate his 
tjilents, and apply his discoveries to useful purposes. The most eminent engineers 
of the age placed unbounded confidence in the results of his experiments, 
believing them to be faithfully recorded and accurately reduced to meet the 
requirements of mathematical formulse. As a confirmation of this, it may be 
stated that the engineers' pocket and text-books of the present time are full of 
Hodgkinson's formuUe for calculating the strength and deflection of pillars and 
beams. 

Mr. Hodgkinson was twice married, but without issue in each case. His first 
wife was Miss Catherine Johns, daughter of the respected Rev. William Johns, 
a distinguished member of this society, who contributed an interesting paper to 
its memoirs, entitled " Remarks on the Use and Origin of Figurative Lan- 
guage," ( vol. ii, new series.) His second wife was Miss Holditch, daughter of 
Henry Holditch, esq., captain in the Cheshire militia. This lady, who is now 
left to mourn her loss, devoted her powers to comfort and sustain her husband 
when his health and memory would not admit of his having recourse to his favor- 
ite pursuits. Of late his great mental powers became prostrate, and his mem- 
ory failed so much that it was obvious to his friends the time had arrived when 
his faculties required repose. In this state of mental lassitude the services of 
Mrs. Hodgkinson were of great value to him. It is not unusual with men 
whose mental powers have been overstrained by excitement and hard labor that 
the desire for intellectual activity does not cease when the physical power neces- 
sary to sustain it is feeble. Mr. Hodgkinson waa the subject of this painful ' 
experience : the desire for mental activity continued unabated to the last j and 
it was only a few months before his decease that he was engaged>in arranging 
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liis papers, with a view to publish tbem, so tliat they might be more, accessible 
to engineers than they now are in the volumes of learned societies. 

Mr. Hodgkinson's religious emotions were silent, devotional in the highest 
sense^not sectarian ; they were strictly confined to the channel between his 
Maker and his own soul. And in this way they were purified by the truth from 
heaven, bearing the precious fruit of meekness, charity, and implicit confidence 
in Him who is all and sustains all. His religion was the arbiter of his life, the 
judge of the many and important obligations between God, his fellow-man, and 
himself. His end was peaceful, and he has left a name marked by strict integ- 
rity, which will be well remembered in the walks of science for ages yet to 
come. 

Let us now pass on to notice more in detail the works of Mr. Hodgkinson, 
which have raised him to a good degree among his contemporaries, and will also 
be the introduction to future thinkers in the same field of labor which he suc- 
cessfully cultivated. 

"On the Transverse Strain and Strength of Metals,'' (read March 22, 1822.) 

The objects aimed at in this paper are, as stated by the author, to unite, in a 
general formula, the commonly received theories in which all the fibres are con- 
ceived to be in a state of tension ; and next, to adapt the investigation to the 
more general case, where part of the fibres are extended and part compressed, 
and to seek experimentally for the laws that regulate both the extensions and 
compressions. The manner in which these objects have been sought and devel- 
oped is a model worthy of every commendation, of clear, sound, geometrical 
reasoning and refined artifice. Aind the data necessary to give practical effect 
' to the various analytical formulae have been obtained from experiments, than 
which none have been recorded with greater fidelity and less contortion to meet 
the demands of particular theories. No painstaking or expense was considered 
too great to make the results of the experiments successful and trustworthy, so 
that the engineer and philosopher alike could place implicit reliance upon them. 
In these experiments there is recorded, for the first time, an element which has 
furnished a theme for many animated discussions of late years among philoso- 
phers and practical engineers, and which became an important object of research 
in all Mr. Hodgkinson's subsequent experiments, viz., set, or the difference 
between the original position of a strained body and the position which it assumes 
when the strain is removed. 

This point, which is full of interest and important consequences to the pi-ac- 
tical man, cannot now be discussed. On examination I believe that I shall be 
borne out in the statement that, notwithstanding the number of books which have 
been written during the last 30 years on the strength and strain of materials, 
some of a more ambitious kind, and others having the humbler object of being 
useful in communicating information to the artisan, still there is none from which ^ 
a clearer and more satisfactory exposition of this subject can be gathered than 
from the paper above referred to by Mr. Hodgkinson, in the volume for 1822. 
The Tuscan philosopher, Galileo, has the merit of firet propounding a theory of 
the strength of materials, and applying the unerring principles of geometry to 
the computation of the strength of beams of given dimensions. With Leibnitz 
originated the idea of the force of extension of a fibre being proportional to its 
distance from the lower side of a bent beam. James Bernoulli first suggested 
the notion (for it never assumed any other shape in his mind) of a neutral line 
in the section of rupture. But to the late Professor Hodgkinson belonged the 
merit of giving practical effect, in this paper, to the happy suggestion of Ber- 
noulli, by showing, both theoretically and ex{)eri mentally, the true method of 
determining, in the section of fracture, the exact position of the neutral line, and 
of calculating the strength of the beam. 

In order, then, to show more clearly the steps taken by Mr. Hodgkinson in 
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the establislimont of soand practical views of this subject, it will be necessary 
to give a brief exposition, by reference to diagrams, of the history of the section 
of fractnre. 

Every beam of material is 
supposed to be composed of an 
indefinite number of parallel 
• filaments in the direction of 
its length, and the breaking 
of the beam necessitates the 
breaking of each of the fila- 
ments of which it is composed. 
Suppose a beam AB, placed 
on the fulcrum CF, to be bro- 
ken at the section CDIEFL by 
the weights W and w, suspend- 
ed from the points 6 and H. 

The theory of Galileo assumes the beam to turn about the fulcrum CF, and 
each of the filaments (nm) in the section of fi^cture GLD to sustain an equal 
force. This hypothesis implies the incompressibility and extensibility of the 
material. Leibnitz, the great rival of Newton, assumed the beam to turn 
about the fulcrum CF, as did (Galileo, but assumed, what experiment has con- 
firmed, the force of each filament in the section of rupture to vary in proportion 
to its distance fix)m the fulcrum CF. This theory implied the incompressi- 
bility and extensibility of the material. James Bernoulli, to whose labors 
science is under great and varied obligalions, in reviewing the theories of Gali- 
leo and Leibnitz, felt convinced of their incorrectness, and that of course they 
could have no favorable response Ha,Z, 

firom the voice of nature. He as- 
sumed, or rather suggested, the 
beam (fig. 2) to turn about the line 
N«, which is now commonly called 
the neutral line, and the maments 
above Nn to be extended, and those 
below Nn to be compressed. He 
supposed, with Leibnitz, the force 
of each filament to be proportional 
to its distance fix>m Nn, the neutral 
line. -^ B 

This theory clearly indicates the compressibility and extensibility of the 
material, and so, far agrees with all recorded experience. Bernoulli never pushed 
•this idea beyond a suggestion, and it remained unfruitful in consequences till 
Mr. Hodgkinson, in this paper, followed it up, and fixed, for the first time, the 
exact position of the neutral line, and made it subservient to the computation of 
the stinength of a beam of given dimensions. We can scarcely exaggerate the 
importance of this step, as it forms the connecting link between the correct 
assumption of Leibnitz and the complete theory of the transverse strength of 
beam. Without the position of the neutral line, the section of fracture appeared 
dark and uncertain, and we now wonder that the d(^tefmination of this line had 
escaped the penetration of Professor Barlow and others who had examined the 
subject. The opinions here expressed are founded upon the results obtained by 
reading the works of the best authors previous to 1822. 

Dr. Robison, Playfair, Barlow, Dr. 0. Gregory, and Sir J. Leslie are suffi- 
ciently known in the walks of science to justify the assertion that their works on 
elementary subjects represent the true state and progress of the knowledge of 
the strength and strain of materials. Playfair's ^^ Outlines of Natural Phuoso- 
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phy," a work of great merit and. well adapted for the time in which it appeared 
contains only the following paragraph on the snbject of the neutral, line : 

'^ Bat it is also said that a tube of metal has been found to support a greater 
transverse strain than a solid cylinder of the same diameter ; or that a cylinder, 
when bored in the direction of the azis and a considerable part taken away, was 
stronger than before." '^ This must undoubtedly arise from a change taking 
place in the position of the fulcrum or hinge round which the fracture is made. 
In the case of a cylinder, and indeed of all solids, the fulcrum is not the mere 
outward edge, but a point in the interior, on the one side of which the fibres are 
elongated and on the other crushed together. The point, then, which serves as 
the ralcmm, will be found within the solid, at a greater or less distance, as the 
parts resist lengthening more thay crushing. The consequence of this is that 
when the centre of gravity and the fulcrum are brought nearer to one another, 
the strength of the beam or bar is diminished. When the heart of a solid mass 
is cut out, as is supposed of the cylinder, the fulcrum, or the axis of the frac- 
ture, is perhaps kept nearer to the surface than when the whole is a solid mass. 
This, at least, seems to be the most probable account that can at present be 
given of a phenomenon not a little paradoxical and not yet sufficiently exam- . 
ined." (See Playfair's " Outlines,'' vol. i, p. 153.) Professor Barlow, in his 
^' £8say on the Stren^h and Stress of Timber," published in 1817, at page 32, 
shows in an admirable manner the inaccurate views of Dr. Eobison respecting 
the determination of the neutral line, but fails entirely to remedy the defect. 
Barlow proposes, what is equally ineffective, to fix the position of the neutral 
line, by supposing the moments of the extended fibres about the neutral axis to 
bo equal to the moments of the compreteed fibres about the same line." Sir J. 
Leslie, in his '' Elements of Natural Philosophy," published in 1823, at page 
234, states that '' in the case of a horizontal beam supported at both ends, but 
depressed by its own weight, the upper surface becomes concave and the under 
surface convex. The particles of the upper surface are therefore mutually con 
densed ; in a certain intermediate curve uie particles are not affected longitud 
inally, though bent from their rectilineal position. This curve of neutral action 
may be assumed in the middle of the beam." Dr. 0. Gregory, in his '^ Mechan- 
ics," published in 1826, at page 122, vol. i, states, in reference to the subject of 
the neutral line, "There is, moreover, the consideration that, when a beam 
deposited horizontally, or nearly so, is ruptured by a vertical pressure, a horizon- 
tal stratum, from end to end, is compressed, and the other portion extended or 
sti-etched, the thin lamina between these two being regarded as a neutral axis. 
This, again, is a curious topic of inquiry." This author gives several theories 
of the strength of materials from Venturoli, not any one of which contiuns the 
con-ect determination of the neutral line. From these quotations of the best 
infoimed writers, are we not justified in the inference that to the late Professor, 
Hodgkinson belonged the merit of first accurately conceiving the true mechan- 
ical principle by which the position of the neutral line in the section of fracture 
conld be determined? He did this by equating the forces of extension with the 
forces of compression — a method which is now universally adopted in comput- 
ing the strength of beams. This method of fixing the neutral line, like all 
new methods, advanced to its present position by slow degrees ] but, after many 
conflicts and discussions, the triumphant declaration of Professor Barlow, at the 
British Association of 1833, established this great principle, which was first con- 
ceived by Mr. Hodgkinson, who, single-handed, had maintiuned his position 
against the formidable powers of acknowledged authorities. Professor Barlow, 
in hts report " On the Pi*esent State of Our Knowledge Respecting the Strength 
of Materials," printed in the third volume of the reports of the British Associa- 
tion for the Advancement of Science, 1833, very justly alludes to this subject, 
and states as follows : " Mr. Hodgkinson, however, in a very ingenious paper 
read at the Manchester Philosophical Society in 1822, has pointed out an error 
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in my investigation, by my having assnmed the momentum of the forces on each 
side of the neotral axis equal to each other, instead of the forces themselves. 
This paper did not com&to my knowledge till the third edition of my essay was 
nearly printed off, and the correction conld not then be made." The Rev. Dr. 
Whewell, in his " Analytical Statics," refers to this paper, and gives the inves- 
tigation of the neutral Une on the same piinciple as that adopted by Mr. Hodg- 
kinson, who always maintained that ^' we could see no cause why it should be 
rejected, especially since it seems to us to be everywhere consistent and just." 
(See Manchester Philosophical Society's Memoirs, vol. iv, p. 241.) It appears 
that his friend, Dr. Dalton, took great interest in the deductions of this paper, 
and discussed them freely with him as he proceeded with his experiments, which 
will ever be regarded as marking an epoch in the subject of the strength of mate- 
rials. Indeed the theoretical investigations of this paper, though new and 
important, form only a small portion of its li^erits. The experiments recorded 
in it established the laws, ** that the extensions of the fibres of a bent beam were 
proportional to the forces during the early stages of flexure ; but as the exten- 
sions arrived nearer to fracture they increased faster than the forces," and, ** that 
so long as the forces are moderate and are applied in the direction of the fibres, 
the compressions will be as the forces ; but when the beam becomes bent the 
fibres, being then crushed, offer a feeble resistance to the force." These results 
^ere obtained direct from the uneiring voice of nature. The first of these laws 
was announced by Dr. Robison, as a general law of nature*, on the simple 
authority of a few experiments on the slips of gum caoutchouc and the juice of 
the berries of the white bryony, of which a single grain will draw to a thread 
two feet long, and again return to a perfectly round sphere. (See ^' Manchester 
Memoirs," vol. iv, p. 252.) 

" On the Forms of the Catenary in Suspension Bridges," (read February 8, 
1828, vol. V.) 

The chain bridge at Broughton, Manchester, which broke down by a troop of 
soldiers marching over it, and the celebrated Menai suspension bridge, built by 
Telford, had stimulated inquiries respecting the best form of such structures. 
These inquiries, naturally enough, led ^o a reconsideration of the catenary, a curve 
the properties of which, under given conditions, were first discovered by James 
Bernoulli. (See Leslie's ^* Geometry of Curved Lines.") 

In this paper a great degree of generality is given to the catenarian curve. 
After the known properties of the common catenary are clearly investigated, 
the formulae are then applied with great ability to determine the form of suspen- 
sion bridges when the weight qf catenarian chains the weight qf the roadway^ and 
the weight of the suspension rods are taken into account. The introduction of 
these complex, though necessary, elements into the question led to the forma- 
tion of the following difficult and comprehensive differential equation : 

—^hg+cg+ejxdy .... (A,) 

whete rr, y are the current co-ordinates of a point in the curve, and 5 the length 
of the curve from this point to the lowest point The explanation of the con- 
stants a, by Cj e is as follows : 
a=the tension of the curve at its lowest point. 
&=the weight' of a unit of length of the curve. 

c=the weight of a unit of length in the roadway, which is supposed to be 
divided transversely into separate parts, and may include any weight uni- 
formly distributed over it, with that of the suspension rods below the 
horizontal line. 
e=:the weight of a unit of vertical smface in the suspending rods, the rods 
being nere supposed to be uniformly distributed, and indefinitely near to 
one another, and therefore reckoned as a uniform surface.(^^^^Tp 
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This differential equation, under given conditions of the constants, is treated 
in this paper in a very able manner, showing great command over the resourced 
of modem analysis, and facility in the use of the varied artifices employed in 
the integration of differential equations. The results arrived at have been referred 
to by the ablest writers of the age, Dr. Whewell and the Rev. Gano];i Mose- 
ley — by the former in his •' Analytical Statics," where the solution of equation 
(A,) as given by Mr. Hodgkinson, occupies a distinguished place ; by the latter 
in his " Engineering and Architecture," in which tlie labors of our late friend 
are honorably mentioned : 

*' This problem appears first to have been investigated by Mr. Hodgkinson in 
the fifth volume of the ' Manchester Memoirs ;' his investigation extends to the 
case in which the influence of the weights of the suspending rods is included." 
After such testimony it would.be presumption on my part to enter more into detail 
on this paper. To a modem student, however, the notation and procedure adopted 
may possibly contrast unfavorablv with the notation and pi-ocedure which charac- 
terize the elementary works of tne present day. To such student, if there be 
any, I would suggest that in forming an opinion on a paper like this, written 
more than 30 years ago, it would be unfair to exclude the comparison of the state 
of mathematical and physical science at that period with the present. It must 
be remembered that Lord Brougham and his coadjutors in a great work have 
done much to popularize and spread amongst their countrymen a knowledge of 
the arts and sciences. These iiiteresting subjects can now be read as they have 
come from the hands of Euler, Lagrange, and Laplace, by means of cheap pub- 
lications, which are within the reach of the humblest artisan. In consequence 
of this, it is not high praise to state that questions in mathematics which could 
have been accomplished with difficulty 30 years ago can now be readily solved 
by the present methods, which are now extensively known amongst the youth 
of all ranks in society through the warming stimulant of competitive examina- 
tions. In this statement I am anxious not to be misunderstood, and to guard 
against giving an opinion as to the question " Has mathematical power increased 
in the degree commensurate with the increase of mathematical learning t" This 
will form a nice question for the future historian of the inductive sciences to 
determine. I may, however, express my views on this debatable question so 
far as to say that I have but little confidence in the products of unnatural growth 
of any kind. 

There is a very marked difference in the mathematics of this and his former 
paper " On the Strength of Materials." The great battle between the dots and 
the <Vs had been fought at Cambridge University with earnestness on both sides, 
and, chiefly through the invincible courage and inexhaustible armory of Wood- 
house, Peacock, Babbage, and Herschel, the d^s of Leibnitz wrested the victory 
from the dots of Newton. The effects of this victory, which has produced a 
great change in the mathematical literature of this country, are clearly seen in 
this paper, the principles investigated in which are applied to the numerical 
computation of the strength and strains of the Menai and Broughton suspension 
bridges. 

"Theoretical and Experimental Researches to ascertain the Strength and 
best Forms of Iron Beams," (read April 2, 1830.) 

Whether we consider the theoretical exposition of the section of fiticture, or 
the faithfully recorded experiments and their practical deductions, we must 
regard this paper as the most valuable and original contribution to the history 
of the stiength of materials which this century can boast. There is no work in 
our language on the same subject which contains sounder theoretical views, and 
there is none which can be more practical than it has been to meet the demands 
of the engineers and the architect. From the theoretical expositions here given 
of the neutral line, the experiments to determine the strongest beam were devised 
and successfully carried out. . ^.gi,,,, ^y GoOglc 



HEMOIB OF EATON HODGEINSON. 213 

The resolt was the discoveiy of the oelebrated *' Hodgkinson's Beam," that 
is, the strongest, beam which can be made from a given weight of material 
and a given length and depth of beam. George Stephenson, who was at this 
time cmef engineer to the Manchester and Liverpool Railway Company, took 
great interest in these experiments, and he was frequently present when they 
were made. Several pages are devoted again to tne subject of the neutral 
line, indicating, from the manner of its discussion, that the subject was not at 
this time clear^ fixed in the minds of the foremost investigators ; and no one can 
read these pages, and the views of Professor Barlow, without feeling convinced 
that the learnt professor has scarcely done full justice to Mr. Hodgkinson in 
reference to the fixing of the neutral line in the section of fracture. The state- 
ment of Professor Barlow, in his report to the Britbh Association, and in his 
essay " On the Strength of Materials,'' would lead to the conclusion that Mr. 
Hodgkinson had only rectified a small error into which he. Barlow, had inad- 
vertently fallen. This is not a complete statement. Mr. Hodgkinson did much 
more than correct a slight error in an adopted theory ; he showed the fallacy of 
the theory which it appears Professor Barlow had obtained from M. Duleau, 
a distinguished French writer. There can be no doubt that Mr. Hodgkinson 
was the first to give the correct theory of fixing mathematically the position of 
the neutral line. 'Mr, Hodgkinson's paper was published in 1822, and we find, 
in 1824, Dr. Whewell, in his " Mechanics,'' stating, " I would gladly have given 
a section on the strength and fracture of beams had there been any mode of 
considering the subject which combined simplicity with a correspondence to facts. 
The common theory, which supposes the matenal incapable of compression, is 
manifestly and completely false ; and though Mr. Barlow's experiments and 
investigations giv« us much infonnation, they do not appear to lead to any con- 
clusions sufficiently general and simple to authorize us to present the subject as 
an elementary one." (See Preface, pa^e xii, Whewell's " Mechanics," 1824.) 
It is obvious that the le&med professor had not seen Mr. Hodgkinson's paper at 
this time, or he would have given, without doubt, in this place the same chapter 
which he published in his " Analytical Statics" in 1833.* 

The first series of experiments in this paper show that in cast iron the exten- 
sions and compressions from equal forces are nearly equal. Tredgold asserted 
that the same force which destroyed the elasticity of a body by tension would 
destroy it by compression. The next two experiments disprove this assertion, 
and show that the resistance to compression in cast iron is greater than to exten- 
sion. This discovery is important, and modified considerably the best con- 
structed cast-iron beams of this period. The succeeding experiments, which are 
many and carefully recorded, were devised for the purpose of extending the con- 
sequences of this practical discovery. And I shall liere avail myself of the 
Rev. Canon Moseley's concise and able exposition of the experiments and reason- 
ings of Mr. Hodgkinson by which he established the best form of cast-iron beam: 

" Since the extension and the compression of the material are the greatest at 
those points which are most distant from the neutral axis of the section, it is evi- 
dent that the material cannot be in the state bordering upon rupture at every 
point of the section at the same instant, unless all the material of the com- 
pressed side be collected at the same distance from the neutral axis, and like- 
wise all the material of the extended side, or unless the material of the extended 
side and the material of the compressed side be respectively collected into two 
geometrical lines parallel to the neutral axis — a distribution manifestly impossi- 
ble, since it would produce an entire separation of the two sides of the beam. 

" The nearest practicable approach to this form of section is that represented 
in the accompanying figure, where the material is shown collected in two thin 

* I have Dr. Whewell's aathoritr, in a letter which I received from him a few days ago, 
in statine that he had not seen Mr. Hodekinson's paper when he wrote his '* Mechanics" of 
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but wide flanges, but united by a ^narrow rib. That wbicb ooostitutes tbe 
Btreugtb of the beam being the resii^nce of its material to compression on the 
one side of its neutral axis and its resistance to extension on the other side, it is 
evidently a second condition of the strongest form of any 
given section, that when the beam is about to break across 
uiat section by extension on the one side, it may be about to 
break by compression on the other. So long, therefore, as 
the distribution of the material is not such as that the com* 
pressed and extended sides would yield together, the strongest 
form of section is not attained. Hence it is apparent that the 
strongest form of the section collects the greater quantity of 
the material on the compressed or the extended side of the 
beam, according as the resistance of the material to compres- 
sion or to extension is the less. Where the material of the beam is cast iron, 
whose resistance to extension is greatly less than its resistance to compression, 
it is evident that the greater portion of the material must be collected on the 
external side. 

" Thus it follows, from the preceding condition and this, that the strongest form of 
section in a cast-iron beam is that by which the material is collected into two unequal 
flanges joined by a rib, the greater flange being on the extended side, and the 
proportion of this inequality of the flanges being just such as to make up for the 
inequality of the resistances of the material to rupture by extension and compres- 
sion respectively. Mr. Hodgkinson, to whom this suggestion is due, has directed 
a series of experiments to the determination of that proportion of the flanges by 
which the strongest form of section is obtained.* 

'^ The details of these experiments are found in the following table : 



Number of ez- 


Ratio of the section of 


Area of whole section in 


Strength per square inch 


periment. 


the flanges. 


square inches. ^ 


of section. 


1 


1— I 


2.»i 


2368 


2 


1-2 


2.87 


2567 


3 


1-4 


3.02 


2737 


4 


1—4.5 


3.37 


3183 


5 


1-5.5 


5.0 


3346 


6 


1—6.1 


G.4 


4076 



Tj9,Jt. 



" In the first five experiments each beam broke by tearing asunder of the 
lower fiange. The distribution by which both were about to yield together — 
that is, the strongest distribution — was not, therefore, up to that period reached. 
At length, however, in the last experiment, the beam yielded by the compression 

of the upper flange. In this experiment, 
therefore, the upper flange was the weakest ; 
in the one before it the lower flange was the 
weakest. For a form between the two, there- 
fore, the flanges were of equal strength, to 
resist extension and compression respectively, 
and this was the strongest form of section. 
In this strongest form the lower flange had six 
times the material of the upper. It is repre- 
sented in the accompanying figure. In the best 
form of cast-iron beam or girder used before 
these experiments, there was never attained. 
a stren^h of more than 2,885 pounds per 
square mch of section. There was, there- 
fore, by this form a gain of 1,190 pounds per square inch of the section, or of 
two-fifths the strength of the beam." (See Moseley's " Engineering and Archi- 
tecture,^ art. 411.) • „gi,,ed by Google 
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The Rev. Canon Moseley farther observes on this point, " It is only in fcast- 
iron beams that it is cnstomaiy to seek an economy of the material in the strength 
of the section of the beam j the same principle of economy is surely, however, 
applicable to beams of wood." 

This victoiy over the material foe is entirely Mr. Hodgkinson's own ; and, 
using the language of the president of the British Association at Manchester, 
1861, there is no one to divide the honor of this useful achievement with him. 
The Hodgkinson beam is really what its name would imply, as he originated the 
conception and pursued it with judgment and industry until the best form of 
beam was fully determined. This beam has been the pole star for engineers 
and builders during the last 20 yeani, a period in which construction of all kinds 
has been in great demand, and in which the ingenuity and skill of the constructor 
has been confronted with many and formidable difficulties. Railways, ship- 
building, and public works of various kinds have opene\l out new channels for 
the application of cast and wrought iron ; and when this material is placed in 
new and untried positions, it is no little point which is gained when its tensile 
and crushing strength is detem^ined, and the best form investigated by which 
the safety of large structures is secured. This was the lift-work of Professor 
Hodgkinson. 

It is a great thing, which no man of science lightly appreciates in these days 
of mental activity, for a man to point to a useful discovery and claim it as his 
own without a rival, to say to him^lf, (his own precious reward,) " I drew it 
forth from the dark chaos in which it had been entombed for ages to the light 
of day, and now I leave it as a legacy to my countrymen, trusting that the chance 
of calamities such as that which nappened at Hartley Colliery, where 200 men 
lost their lives by the breaking of a cast-iron beam, may be diminished, if not 
entirely, obviated." In this paper Mr. Hodgkinson acknowledges his deep 
obligations to the liberality of his friend Mr. Fairbaim, in procuring for him the 
beams whereon to experiment. 

The contributions of Professor Hodgkinson to the " Reports" and " Sections" 
of the British Association were numerous and important. In proof of this it is 
only necessary to refer to the opening address of the president, Professor Sedg- 
wick, at the meeting at Edinburgh in 1834 : " The association may claim some 
credit for having brought into general notice the ingenious investigations of Mr. 
Hodgkinson of Mimchester." 

In the Report of .1833 there are two papers by Mr. Hodgkinson : 

1. " On the Effect of Impact of Beams." 

2. " On the Direct Strength of Cast Iron." 

In the Report of the British Association of 1834, we find an extended inquiry 
into the collision of imperfectly elastic bodies. After alluding to Newton's labors, 
as recorded in the ** Principia," Mr. Hodgkinson proceeds to describe the methods 
by which his experiments were made, and derives from them the following non- 
elusions : 

1. All rigid bodies are possessed of some degree of elasticity, and among 
bodies of the same nature the hardest are generally the most elastic. 

2. There are no perfectly hard inelastic bodies, as assumed by the early and 
some of the modem writers on mechanics. 

3. The elasticity, as measured by the velocity of recoil divided by the velocity 
of impact, is a ratio which (though it decreases as the velocity increases) is 
nearly constant when the same rigid bodies sire struck together with considembly 
different velocities. 

4. ITie elasticity, as defined in 3, is the same whether the impinging bodies 
be great or smalL 

5. The elasticity is the same, whatever be the relative weights of the imping- 
ing bodies. 

6. On impacts between bodies differing very much in hardness, the elasticity 
with which they separate is nearly that of the softer body. ^ 
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7. In impacts between bodies whose hardness differs in any degree, the resnlt- 
ing elasticity is made up of the elasticities of both; each contributing a part of 
it« own elasticity in proportion to its relative softness or compressibility. 

The following rule, given by Mr. Hodgkinson, agrees remarkably well with 
the results of experiments : 

/^ l^ ^ B I ^ determined by A striking against A, &c. 

m ssmodulns of elasticity of A ) as determined by extending the material 
w'= " B ) in the ordinary way. 

Then the elasticity of A agamst B= ^^' "^ ^^ . 

This paper concludes with a table of elasticities of 60 various substances used 
in the construction of buildings, &c. 

The Fifth Report of the British Association contains a paper on the " Impact 
of Beams." 

The author has deduced from the experiments the following laws : 

1. If different bodies of equal weight, but differing considerably in hardness 
and elastic force, be made to strike horizontally with the same velocity a^nst 
the middle H>f a heavy beam supported at its ends^ all the bodies will recou with 
velocities equal to one another. 

2. If, as before, a beam be struck horizontally by bodies of the same weight, 
but different in hardness and elastic force, the defection of the beam will be the 
same, whichever body be used.' 

3. The quantity of recoil in a body, after striking against a beam as above, is 
nearly equal to what would arise from the full varying pressure of a perfectly 
elastic beam as it recovered its form after deflection. 

4. The effects of bodies of different natures striking against a hard, flexible 
beam seem to be independent of the elasticities of the bodies, and may be cal- 
culated, with trifling error, on a supposition that they are inelastic. 

5. The power of a uniform beam to resist a blow given hoiizontally is the 
same in whatever pait it is struck. 

6. The power of a heavy uniform beam to resist a horizontal impact is to the 
power of a very light one as half the weight of the beam, added to the weight 
of the striking body, is to the weight of the striking body alone. 

7. The power of a uniform beam to resist fracture from a light body falling 
upon it ^the strength and flexibility of the beam being the same) is greater 
as its weight increases, and greatest when the weight of half the beam, added 
to that of the striking body, is nearly equal to one-third of the weight which 
would break the beam by pressure. 

There can be but one opinion as to the importance of these deductions, direct 
from the voice of natinre, made, as they were, at a time when such an appeal was 
by no means common. 

There aie several interesting problems on impact, of a high mathematical 
character, solved in this paper. In these inquiries Mr. Hodgkinson is very 
paiticular in acknowledging his many obligations to his friend Mr. Fairbaim, 
engineer, of Manchester, to whose labors and liberality practical science is deeply 
indebted. 

We now pass on to notice his contributions to the transactions of the Royal 
Society. 

In the Philosophical Transactions for 1840 there is an extensive inquirj' by Mr. 
Hodgkinson, " On the Strength of Pillars of Cast Iron and other Materials." 

The object of this inquiry is to supply a desideratum in practical mechanics, 
which had been pointed out by Dr. Robison- and Professor Barlow. In order 
to accomplish this it was necessary to institute a series of expensive experiments 
•more varied and extensive than any which had hitherto been made puyic. The 
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fliibjeot was mentioned to Mr. Fairbairny who at once, with his characterisao liber- 
ality, supplied his friend with ample means for investigating experimentally the 
strength of oast-iron pillars. For this paper the council for the Roya Society 
awarded Mr. Hodgkinson the royal medal as a mark of their appK ciation of 
his labors, the value and importance of which are confirmed by every ngineer's 
pocket-book in Europe during a period of 20 years. 

The inquiry is naturally divided into two paitS; viz.^ long pillars and short 
pillars. 

LONa PILLARS. 

The first object was to supply the deficiencies of Eulei^s theorv of the strength 
of pillars, if it should ^appear capable of bemg rendered practically useful, and if 
not, to endeavor to a^apt the experiments so as to lead to usefcd results. For 
this purpose solid cast-iron pillars were broken, of various dimensions, from ^ve 
feet to one inch in length, and from half an inch to three inches in diameter. In 
hollow pillars the length was increased to seven feet six inches, and the diameter 
to three inches and a half. 

WithpiUar8qfca$t4ron, wrought iron^steel, and timber^ whose length is upwards 
qf 30 limes their diameter^ tJie strength qf those with flat ends is three times as 
great as those with rounded ends. 

Experiments were nei:t made upon pillars with one ^nd flat and the other end 
rounded, and the result is summed up in the following interesting and impor- 
tant law : 

With pillars qf the same diameter and length, hoth ends rownded, one end rounded 
and the other floaty and both ends flat, their strengths are as 1, 2, 3, respectively. 

When the pilars were uniform, and the same shape at both ends, Uie fracture 
took place in the middle. This was not the case when one end was flat and the 
other rounded, as the fracture then took place at about one-third of the length 
from the rounded end. Hence, in these pillars, the metal may be economized 
by increasihg the thickness in the point of fracture. 

It follows, from Euler's theory, that the strength of pillars to bear incipient 
flexure is directly as the fourth power of the diameter, and inversely as the square 
of the length. 

This incipient flexure was sought for by Mr. Hodgkinson without success, 
and he states his conviction that flexure commences with very small weights, 
such as could be of little use to load pillars with in practice. Although Mr. 
Hodgkinson was unable to find the point to which Eulei-'s computations refer, 
still he has shown thatEuler's formula is not widely from the trutn when applied 
to the breaking point of the pillar. From a great number of experiments Mr. 
Hodgkinson deduced the following formula for pillars with rounded ends : 
D =r diameter of pillar in inches. 
L t= length of pillar in feet. 
W = breaking-weight in tons. 

Then,W = 14.9j|n-- 

The above rule applies to pillars the length of which is 15 times the diameter 
and upwards. Perhaps not quite so low as 15 times the diameter in large pillars, 
as there is a reduction of the strength of such pillars, owing to the softness of 
the metal in large castings. This remark is significant, and gave rise to many 
interesting experiments at Portsmouth docky^ by the royal oommisaionerSy 
conducted by Colonel Sir Henry James. 

When the pillars are fiat at the ends, the formula beoomes 

This rule applies to pillars whose lengths vary from 30 to 12f %ime^^ the cuometet. 
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SHOBT PILLA£S. 

In order to estimate the breaking-strength of short pillars, Mr. HodgUnflon 
oonsidered the strength of the pillar to be made up of two functions. 

1. To support the weight. 

2. To resist flexure. 

When the breaking-weight is small, as in long pillars with small diameters, 
then the strength of the pillar will be employed in resisting flexure. When the 
breaking-weight is one-half the pressure required to crush the pillar, one-half of 
the strength may be considered available to resist flexure, and the other half to 
resist crushing. And when the breaking-weight is so great as in the case of short 
pillars, it may be considered that no part of the strength of the pillar is applied 
to resist flexure. These two effects ipay be separated in all pillars by dividing" 
the pillar into two portions, one of which would support the weight withoat 
flexure, and the other would support the flexure without crushing, to the extent 
indicated by the preceding formula. 

Let c =: Uie force which would crush the pillar withoat flexure. 

Let P = the utmost pressure the pillar would bear without being weakened 
by crushing. 
h s= breaking-weight as calculated by the preceding formulae. 
y s= the actiud breaking-weight of short pillars. 

V 1 c 

.•.-j = g^whereP=-^- 

The value of c is obtained fix)m the formula 

c = (area of section) x 109,801 pounds. 

The reasoning by which the above formulae are established is well deserving 
of attention, and shows that the author was a worthy successor of Euler, Lagrange, 
and Poisson in this important branch of practical science. 

HOLLOW PILLABS OF OAST IBON. 

Mr. Hodgkinson has shown that solid pillars with rounded ends and enlarged 
in the mid^e are stronger than uniform pillars of the same length and weight 
This is proved to be the case in hollow pillars. The formulae for the breaking- 
weight of hollow pillars, as derived from experiment, are as follows: 

iv = breaking-weight in pounds. 

D as external diameter in inches. 

d ss internal diameter in inches. 

L = length in feet. 
For pillars with rounded ends, 

w=: 29074 jpi 

For pillars with flat ends, 

«;es993185?f^j;^. 

The strongth of short hollow pillars must be calculated in the same manner 
as the strength of short solid pillars. These formulae, derived from experiments 
made with great judgment and care, embody our present knowledge and prac- 
tice of cast-iron pillars for bearing-purposes. 

" The Power of Oast-iron Pillars to Resist Long-continued Pressure." 
Mr. Hodgkinson has recorded in this paper several very interesting experi- 
ments on this subject. Two beams, rounded at the ends, six feet long and one 
inch diameter, were cast of Low Moor iron, No. 3. The first boro a wdght of 
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1,456 pounds daring a period of fix)m five to six monthS; and then broke. The 
second broke with 1,500 pottnds laid on immediately. From this experiment 
Mr. Hodgkinson inferred that time has but little, if any, influence on the 
strength of cast iron. 

This inference seems, at least to me, to be theoretically correct. If the weight 
laid on the beam and its molecular forces be statically equal, the forces will 
remain in this state of equilibrium until the molecular forces are weakened by the 
influence of unequal temperature or other causes. Our knowledge, however, of 
this practical subject is indeed very limits. The inquiry would amply repay 
any one who has the abiUty, opportunity, and means to pursue it. Mr. Hawk- 
shaw has made some admirable remarks on this subject in his evidence before 
the royal commissioners in 1847. (See Beport, page 296.) 

The opinion of experienced engineers appears to be that vibrations produced 
by continual impact and change of temperature affect the strength of iron to a 
greater extent than a continued strain, which preserves the modules of the iron 
m the same fixed position. Mr. Rastrick, in his evidence before the commis- 
sioners, gives the result of an experiment niade by a friend, bearing on this ques- 
tion, at Fontypool Iron Works. He hung a bar of iron, an inch square, up by 
one end perpendicularly, and contrived a small hammer to be continuallv ham- 
mering it; after a period of more than 12 months the bar of wrought iron 
dropped in two. 

That the internal structure of iron becomes changed by continued vibrations 
is commonly believed by engineers of experience ; but in what way this change 
is produced, both in speciality and magnitude, does not appear to be very definite. 
One thing, however, seems clear, viz., that wrought .iron is more affected by 
vibrations than cast. The evidence given before the commissioners on this 
important question is very striking, and contains all the practical information 
which has been recorded or known on the subject. Mr. Fairbaim states ^' that 
if you take any material whatever, and destroy its original form, and repeat the 
changes, it is only a question of time how long it will be before it breaks.'' 

According to my view, this statement from an engineer of so great experience 
should convince those whose duty leads them to the application of iron, timber, 
and stones to the erection of structures, the first characteristic of which is stabil- 
ity, of the existence and destructive nature of vibrations. Notwithstanding 
these views on the effect of continued vibrations, there are not wanting engineers 
of great eminence who think the subject of but little practical importance, how- 
ever interesting it may be in a scientific and philosophical sense. 

The late lS)bert Stephenson refers to the beam of a Cornish engine, and 
states that it receives a shock 8 or 10 times a minute equal to about 55 tons, 
during, a period of 20 years, without the slightest perceptible change in its struo* 
tnre and strength. 

The connecting-rod of a locomotive engine is another illustration in point : 
" One I know,'' says Mr. Stephenson, " which has run 50,000 miles, and received 
a violent jar eight times per second, or 25,000,000 vibrations, and yet there is 
not the slightest appearance of change in the strength of the connecting-rod." 

The same distinguished engineer says, with respect to the question of the 
effect of vibrations on materials, ^' as to the change being produced in wrought 
iron, which is a very popular and almost universal theory now, I have not known 
one sinele instance in which I have traced it to its origin, where the reasoning 
is not (Teficient in some important link." On the whole, Mr. Stephenson attaches 
but little importance to the question of vibration in a practical sense. 

Mr. Brunei, in answer to the question whether the internal structure of an 
iron beam beoomes altered by a sucoession of slight blows at a low temperature, 
as in rails long used, railway axles, or springs of carriages, says, '^ I have turned 
my attention a good deal to this inquiry, and I have long acted on the assamptitm 
that iron is so changed; but I must confess that I have doubts as to the iact^ 
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And I believe that if tlie subject were thoroughly examined it would be found 
that the different appearances shown by iron wheft broken^ arise from the com- 
binations of the causes produciuj? fracture as often as from any change in the 
texture of the material itself. This opinion was strengthened by various speci- 
mens of irons broken, some with a fibrous fracture by means of a slow heavy 
blow, and some with a crystalline fracture by means of a sharp, short blow. Mr. 
May refers to the case of a cast-iron beam of a steam engine, vibrating hundreds 
of thousands of times per annum, being as good at the end of 20 or 30 years as 
when first put up. In this case, though the strain has been iif opposite directions, 
and constantly varying, still the vibrations have not weakened the beam. On 
the other hand he says, '^ I have seen a cast-iron gun absolutely broken across 
by many years' dropping pig-iron upon it.'' 

In order to facilitate the calculation of the strength of short pillars, Mr. 
Hodgkinson has given the crushing strength of a great variety of timbers used 
in practice. The above is but a hasty and imperfect glance at this important 
paper, which appeared at the time when the railway system was developing 
itself by means of the application of cast and wrought-iron pillars to the con- 
struction of bridges, &c. No engineer who has in future to deal with this sub- 
ject must omit the reading of this paper. 

In the Philosophical Transactions for 1857 there is another paper by Mr. 
Hodgkinson on the strength of pillars. The object here is to confirm the con- 
clusions of the first p^)er by means of larger experiments, made by an appara- 
tus three times as great as tne apparatus used on the former occasion. Having 
been unsuccessful m finding the weight producing incipient flexure, Mr. Hodg- 
kinson devoted his attention to finding the breaking-weight, the deflection, and 
decrement of length produced by the weight laid on the pillars. The pillars 
with both ends rounded broke in one place, in the middle ; but the pillars with 
both ends flat broke in three places — the middle and at each end. When one 
end was flat and the other rounded it broke at one-third the distance from the 
rounded end. 

The formulae in the former pf|.per are here slightly corrected, as being more in 
accordance with the results of larger experiments. 

ThuS; in pillars whose ends are flat and well bedded| the formula becomes 

instead of 

as given in the first paper. ^ . 

ft is a matter of observation long recorded, both by Mr. Hodgkinson and 
other experimentalists, that the metiu in large castings is not uniform in density, 
the density diminishing from the outside of the casting to the centre. Hence it 
was justly inferred that the crushing, tensile, and transverse strength of large 
castings would vary, being the greatest towards the outside and less towards the 
centre. In cast-iron pillars of 2 J inches diameter, the crushing force varied from 
39 tons per square inch outside to 33^ tons per square inch centre. Mr. Hodg- 
kinson discovered that the difference in the strength between the outside and 
centre of large castings is much less than in ^mall ones. Colonel Sir Henry 
James found that the central part of bars of iron planed was much weaker to 
bear transverse strain than bars of the same size. By planing out three-fourth 
inch bars from the centre of two-inch square and three-inch square bars, the 
central portion was little more than half the strength of that from an inch bar. 

The fall of the railway bridge over the river Dee at Chester, when several 
lives were lost, led Mr. Hodgkinson to investigate the position of the tension- 
rods, which were intended as auxiliary supports to the structure. The particu- 
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lare of this inquiry Lave escaped my memory, but I well remember that Mr. 
HodgkinsoQ showed, on the •clearest geometrical evidence, that the position of 
the tension-rods was not only no additional support to the stability of the bridge 
but positively aided its downfall. This circumstance induced Mr. Stephenson to 
reconsider the construction of the bridge, and devise a new arrangement for these 
auxiliary supports. It was at this time, and in consequence of the accident above 
alluded to, that Mr. Robert Stephenson made the personal acquaintance of Mr. 
Hodgkinson, the Mend of his father, the man to whom he had steadily looked 
as his authority and guide in the application of iron to rail-^y purposes. When, 
therefore, Mr. Stephenson was engaged in the novel construction of the Conway 
and Britannia tubular bridges, he requested the assistance of his friend Mr. 
Hodffkinson in fixing the best form and dimensions of tubes. The experiments 
which were devised and carried out by Mr. Hodgkinson with a view to answer 
the above questions "are recorded in the report of the royal commissioners 
appointed to inquire into the application of iron to railway structures. 
Mr. Hodgkinson, by these experiments, sought — 

1. To ascertain how far the strain upon a square inch at the top and bottom 
of the tube would be affected by changing the thickness of the metal, the other 
dimensions being the same. 

2. To obtain the strength of similar tubes. 

3. To find the strength of tubes of various forms of section in the middle, 
and to furnish means of judging of the proper proportions of the metal in the 
bottom, top, and sides of the tube. 

4. To ascertain the relative strength of uniform tubes to bear a weight in all 
parts of their length ; and whether tubes, tapering in thickness from the middle 
towards the ends, according to theory, would be equally strong in every part. 

5. To obtain the resistance of the tubes, previously tried vertically, to bear a 
side pressure, with an intention to ascertain the effect of the wind upon a tube. 

6. To ascertain the strength of small tubes of different forms of section to 
resist best a force of compression applied in the direction of their length. 

7. To ascertain the resistance of wrought-iron plates to a crushing force in 
the direction of their length. 

8. To determine the strength of tubes to sust^n impact, with reference to 
livetinff. 

9. To determine, by bodies let fall upon tubes, the probable effect, if any, of 
trains rushing rapidly upon tubular bridges, to produce resilience, or springing 
up at the ends. 

10. To determine the transverse strength of tubes stiffened in the top with 
cast iron, joined with wrought iron, to increase the resistance of the top to a 
crushing force. 

These are important practical problems -, and when the issue is considered, viz.: 
the continued stability of the Conway and Britannia tubular bridges, they 
required for their solution great skill in the subtilities and artifices of n^athe- 
matical and experimental science. The answers which Mr. Hodgkinson obtained 
to the above problems were deemed by Mr. Stephenson to be so satisfactory as 
to enable him with confidence to build the tubular bridges. 

A concise but clear exposition of these answere is given by Mr. E. Clark 
before the commissioners appointed to inquire into the application of iron to rail- 
way purposes. (See report, page 359.) 

It was impossible that such assistance in the execution of a novel design 
could be lightly esteemed or inadequately appreciated by the great engineer. 
Hence, in the history of these tubular bridges, where Mr. Stephenson is anxious 
to record the merits of his assistants, he frankly acknowledges his deep obliga- 
tions to the mathematical philosopher "for devising and carrying out ^ series qf 
experiments which terminated 4n establishing the laws tJuxt regulate the strength of 
tubular structures^ in a manner so sati^actory that I was enabled to proceed wit\ 
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more confidence than I othenrise shotdd ham diomeP (See vol. i, p. 35, of the 
" ]3ritannia and Conway Tubular Bridges,'' bv E. Clark, esq.) 

This declaration of Mr. Stephenson completely disarms all futore praise or 
detraction with respect to the part which Mr. Hodgkinson took in the execution 
of .the tubular bridges. It places him before the public in his right position as 
a most important contributor to the success of an enterprise which will represent 
the engineering skill of the present time, and will be the admiration of future 
ages. E. Clark, esq., who superintended the building of the tubular bridges, 
speaks in the highest terms of the importance of Mr. Hodgkinson's labors in 
fixing the proper dimensions of the bridges. 

We are indebted to him also for nearly the whole of the mathematical calcu- 
lations in reducing the experiments which were made into a form fit for applica- 
tion to Hi large structure. But we are also indebted to Mr. Fairbaim for a great 
portion of the practical construction of the bridges. 

The answers given by Mr. Hodgkinson to his inquiries, and which rendered 
such signal service to the engineer in the execution of his novel design, are as 
follows : 

1. The value of (f) the strain upon a square inch at the top or bottom of the 
tube is constant in material of the same nature, while it varies fix)m 19, 14, to 
7^ tons when the thickness of metal varies from .525, .272, to .124 of an 
inch. The determination of (f) is the chief obstacle to obtaining a formula for 
the cgmputation of the strength of tubes of every form. . 

The strength of the Conway tube was calculated to bear 1,084 tons when the 
value of (f) was taken at 8 tons, and the deflection about 15} inches in the 
middle. 

2. The strength of similar tubes was somewhat lower than the square of their 
linear dimensions, being about 1.9 power instead of the square. 

3. The tubes may be reduced in strength and thickness towards the ends, 
corresponding to the ratio indicated by theory, viz., th,at the strain at any point 
of the tube is proportional to the rectangle of the two parts into which that 
point divides the length of the tube. 

4. The power of the tube to resist a vertical strain is to its power to resist a 
strain on its side, as from the wind, as 26 to 15, nearly. 

5. The resistance of tubes to crushing follows the law of cast>iron pillaiB 
when the crushing force is not more than 8 tons per square inch. It appears, 
however, that oast iron was decreased in length double what wrought iron was 
by the same weight ; but the wrought iron sunk to any de^ee with a weight of 
12 tons per square inch, while cast iron required double the weight to produce 
the same effect. 

6. The power of plates to resist buckling varies nearly as the cube of the thick- 
ness. Mr. Clark refers to this property as being most useful in the construction 
of the tubular bridge. 

7. The tube bent by pressure had borne a deflection of five inches without 
serious injury; but its riveting was destroyed by repeated impacts deflecting it 
through less Uian one inch. 

8. Resilience is perceptible, but very small. 

9. The introduction of cast iron on the top of the tube would be attended with 
advantage in resisting the force of compression. Practical objections, however^ 
of a serious nature prevented Mr. Stephenson from availing himself of the power 
of cast iron to resist compression. He thought it advisable to increase the thick- 
ness of wrought iron to resist compression, rather than use a combination of 
wrought with cast iron. It may be stated that Mr. Stephenson has used cast 
iron, for the pmpose recommended by Mr. Hodgkinson, with success in tubes of 
smaller dimensions than the Conway tubes. . 

In 1847 Mr. Hodgkinson was appointed one of the commissioners to inquire 
into the application of iron to railway structures \ and during the space of two 
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Tears the whole of his time and abilities were devoted to the subjects of this 
mqairy. The exertions, both physical and mental, which he made at this period 
for the advancement of engineering science were so great as materially to 
affect his health and prostrate his powers. Immediately after the publication of 
the commissioners' report in 1849, he sought the restoration of his exhausted 
faculties by a tour on the continent of Europe. 

His labors for this commission are published in the report, and comprise 114 
closely printed pages. The high importance of these labors may be, to some 
extent, iijiferred from the circumstance of the commissioners pointing them out 
for special notice. ''Although we are aware that to point out the labors of indi- 
vidual members of the commission would be impossible, and that it may appear 
invidious to single out one for praise, we cannot resist the expression of our 
thanks to Mr. Hodgkinson for the zeal and intelligence with which he has car- 
ried oat the remarkable series of experiments which are detailed in the appen- 
dix A to this Report, and which constitute a large proportion of those which 
have been already described." (Seethe Commissioners' Report, page 15.) Such, 
then, was the estimate of the labors of Mr. Hodgkinson by Lord Wrottesley, 
Professor Willis, Colonel James, Mr. Eennie, and Mr. Cubitt ; and it has been 
amply confirmed by the engineering experience of the last 13 years. 

The objects for which Mr. Hodgkinson sought in this inquiry were— • 

1. The determination of the longitudinal extensions and compressions of long 
bars of cast and wrought iron by weights varied by equal increments, up to thai 
producing fracture. 

2. The establishment of general formulse connecting the longitudinal exten- 
sionSy and compressions, and sets of cast iron with the mrces producins^ them. 

3. To determine the deflection of horizontal bars produced by vanous trans- 
verse pressures, and to compare the effects with those produced by impacts. 

4. To determine general formulae connecting the transverse pressure, the 
deflection, and set remaining after the pressure was removed. 

If e = elongation of a bar of cast iron one inch square and (Q inches long bj 
a weight to, 

thenw = 139340401 —2907432000^. 

If (Isscompression of a bar of cast iron one Inch squaio and (Q inches long I / 
a weight iff, 

then «;=:12931560~522979200^. 

These formulse were derived from the mean results of four different kindu of 
cast iron. 

The mean tensile strength was found to be 15,711 pounds per square inch, and 
the ultimate extension was l-600th of the length of the bar. 

With respect to wrought uon, the extensions and compressions were found to 
be nearly proportional to the pressures producing them. 

The extension is proportional to the pressure up to about 12 tons per square 
inch ; after this the pressure is not proportional to the extension. The weight 
necessary to elongate a bar of wrought iron to double its length is 27,691,200 
pounds, which is usually called the modulus of elasticity. One striking and 
important fact was elicited by these experimental researches, viz., cast-iron bars 
are decreased in length double as much as wrought-iron bars by the same pres- 
sure; but wrought-iron bars sink to any degree with little more than 12 tons' 
pressure per square inch of section, while cast-iron bars require three times the 
pressure to produce the same effect. It appears, also, that the tensile force of 
cast iron depends but little upon the form of the section, except so far as the 
form contributes to the better consolidation of the casting when in a fluid state. 

The above results were obtained for the commissioners by the individual 
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labors of Mr. Hodgkinson Mmself, who alone is responsible for their accuracy, 
usefulness*, and general adaptation to promote the ends of physical and engin- 
eering science ; but there were other important results obtained by other mem- 
Ders of the commission, to which it may not be deemed out of place to refer. 

The experiments at Portsmouth dockyard, conducted by Colonel Sir Henry 
James, and the discussion of the results by Professor Willis and Professor 
Stokes, were also the work of the commissioners. And it would be no easy task 
to over-estimate the valije of these labors, both on account of the novel nature 
of the experiments and the mathematical deductions to which they conducted 
when placed in the hands of Professor Stokes. 

Colonel Sir Henry James and Captain Galton subjected cast-iron bars, placed 
between fixed supports, to 100,000 successive deflections, at the rate of four per 
minute, by means of a cam. When the deflections were one-third of the ulti- 
mate deflection, the bars were not weakened ; when, however, the deflections 
were one-half of the ultimate deflection, the bars were broken with less than 
900 depressions. 

Professor Hodgkinson subjected cast-iron bars, firmly fixed between supports, 
to 4,000 continued impacts. When the blow was such as to deflect the ba^p 
one-third of their ultimate deflection, they resisted the concussion of 4,000 
impacts without injury ; but when the blow was such as to deflect the bars one- 
half of their ultimate deflection, no bar could resist 4,000 depressions. These 
results strikingly confirm each other. 

Colonel James and Captain Galton caused a weight equal to one-half the 
breaking weight of the cast-iron bar to be drawn backwards and forwards from 
one end of the bar to the other. The bar was not weakened by 96,000 transits 
of the weight. No perceptible effect was produced in wrought-iron bars by 
10,000 successive deflections, each of which was equal to that produced by half 
the breaking weight. 

Professor Hodgkinson notices the following results which he obtained from his 
experiments on the impact of cast-iron bars : 

All cast-iron bars of the same sectional area require the same blow to break 
them in the middle. 

The deflections of wrought-iron bars produced by the striking ball were pro- 
portional to the velocity of impact ; but in cast-iron bars Jbhe deflections were 
greater than the proportion to the velocity of impact. 

The most striking and novel experiments, however, were those made by 
Colonel Sir Henry James and Captain Galton, at Portsmouth dockyard. These 
gentlemen constructed a large apparatus by which weights could be made to 
move over cast-iron beams placed horizontally between fixed supports, with 
velocities vaiying from to 30 miles per hour. These experiments developed 
the singular fact, at variance with the impressions of the most eminent engineers, 
that a tiain passing over a bridge at a given speed will produce a greater deflection 
than that produced by the train being placed upon the bridge in a state of repose. 
This important fact was confirmed in all its entirety by uie larger experiments 
made by the commissioners on the Ewell bridge, on the Epsom line, and the 
Godstone bridge, on the Southeastern line. 

Colonel James found that when a carriage was loaded with 1,120 pounds and 
placed at rest upon a cast-iron bar, it produced a deflection of six-tenths of an 
inch J when, however, the caii-iage moved over the bar at the rate of 10 miles 
per hour, the deflection was increased to eight-tenths of an inch j when the speed 
of the carriage was increased to 30 miles per hour the deflection was increased 
to one inch and a half, which is more than double the statical deflection. It 
follows from this that a much less weight will break a bar of cast iron when it 
moves over it at a great speed than if it be placed at rest upon the bar. Tlie 
bars, when broken by a load passing over them, were fractured at points beyond 
their centres, often into four or five pieces, indicating the unusual strains to which 
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they liad been sabjeot From these unexpected results there is no appeal, how- 
'ever much they may be at variance with the impressions of the most gifted 
engineers. It now remains to connect these results with well-established 
mechanical laws, a problem of great difBculty, the solution of which has been 
accomplished by the labors of Professor Willis and Professor Stokes. (See 
" Preliminary Essay on the Effects produced by causing Weights to travel over 
Elastic Bars," by the Eev. Robert Willis, F. R. S., &c.) 

By neglecting the inertia of the bar, as being small in relation to the moving 
weight, Professor Stokes has shown that — 

D=s+j/vsy 

Dsoentral dynamical deflection of the bar, produced by the weight moving 
at the velocity V. 

S=central statical deflection produced by the same weight. 
Z=the length of the bar in feet. 
Hence the dynamical deflection is double of the statical, when the velocity of 
the moving weight is •v/2 times the length of the bar between the supports. 

These results were not readily accepted by practical men, as they had been 
accustomed to connect high velocities of the train with small deflections of the 
brid^ over which it pass^. 

The late Robert Stephenson, in his evidence before the commissioners, states 
that he had seen the deflections less as the train passed over than when it was 
in repose. From the observations which he had made he felt quite satisfied upon 
the point, that no revision of the practical rules respecting the deflection of the 
bridges was necessary. " You will sometimes find,'' he adds, "an exceptional 
case occurs, if the engine happen to jump on the springs, which may, of course, 
accidentally occur 5 but if it be a mere question of velocity I do not think it 
increases the strain upon the girder. There may be a lateml strain backwards 
and forwards when the whole train comes into play and causes a jerk." 

Mr. Locke, after making many experiments with locomotives passing over 
bridges, arrives at the conclusion that there is but little difference m the deflec- 
tion between high velocities and low. " If there bo," he remarks, " three or 
four bad rails or joints upon the top of a bridge there is far more effect produced 
upon the bridge. A bad joint is more serious than 10 or 12 miles' increase or 
diminution of velocity." 

Mr. Hawkshaw's opinion is, that there would be a greater deflection in a bridge 
by running a weight over it than by allowing the same weight to rest upon it, 
because there is always an irregularity in the surface of the rails, and the force 
of impact is thereby brought into activity. W. H. Barlow stood under a wooden 
viaduct while a heavy goods train passed over it. There was a slight deflection 
produced by the heavy train, but the express, with a much lighter engine, and 
moving at a greater speed, produced a much worse effect. It seemed to pro- 
duce a wave through the bridge, as it ought to do from the ordinary principles 
of dynamics. This load was passing over the bridge in a very few seconds, and 
therefore the total deflection is pei-formed by the weight in a few seconds ; and 
it therefore becomes a kind of blow — the descent of a heavy weight — and the 
bridge has not time to accommodate itself to the deflections required of it. These 
deflections are propagated throughout the structure, and may prove OKceedingly 
dangerous and disagreeable. 

Mr. Rastrick always considered that when a weight passed rapidly over a 
structure, there would be less deflection than if it were stationary. He takes the 
example, for comparison, of a man skating upon ice, and states that if he remain 
stationaiy for a length of time he would soon go through the ice ; but he may 
skate over it without any danger of going through, because the ice has no time 
to break. 

16 8 r" T 
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Mr. Brtmel's impression was that where the rails are perfect the deflection is, 
as it oaght to be, less with a weight passing rapidly over it than when it restd 
upon it ; " but the experiment is so difficult to make, from the number of inter- 
fering causes, that perhaps my impression is still only prejudice rather than 
positive information. 

Mr. Cubitt, engineer of the Great Northern railway, could perceive no differ- 
ence in the deflection of a large girder between the weight being stationary upon 
it and passing over it at a great speed. The experiment was made upon a girder 
47 feet span, and a heavy locomotive engine, the deflection being a tenth of 
an inch. 

The opinion of Mr. Charles Fox, engineer, is very decided on this point. He 
states positively that, if the rails have been oarefnlly laid over the portion of the 
line resting upon the bridge, less deflection is caused in the girder by a load 
passing at a high speed than at a low one, and that there is less deflection with 
any rate of speed than when the weight is stationary. " I imagine this arises, 
in a great measure, from the short time there is to overcome the inertia of the 
mass ; of course the higher the velocity the less time is expended in the train 
passing over the bridge." 

Mr. Glynn, of Butterly Iron Works, Derbyshire, thinks that, if the strength 
of the beam were not great in proportion to the stress it had to sustain, the 
weight, being stationary upon it, would tend to deflect it permanently more than 
a weight passing rapidly over it. '^ This opinion is not formed from experience; 
expenmenta on the subject would be verv desirable." 

This is the testimony, conflicting as it is, of the highest authorities in the 
engineering {m)fession respecting a most important part of their practice, viz : 
the permanent stability of structures over wluch thousands of people are being 
continually conveyed with rapid velocities. 

Perhaps the simplest method to gain the conviction that the dynamical deflection 
of a structure is different from its statical deflection is to place a weight, capable 
of motion, and producing a sensible deflection, on the middle of a horizontal 
flexible beam, between nx0d supports. Let us now inquire what effect is pro- 
duced by moving the weight to a point very near to its original position. It is 
evident that the weight, being at the lowest point of the beam, cannot move 
from this position without the application of a force. The effect of this force upon 
the moving weight and flexible beam will, of course, depend upon its magnitude 
and direction. If the direction of the force be verticid, whatever may be its 
magnitude, it will not produce any horizontal motion in the moving weight. 
If the direction of the force, however, is not vertical, the case is very different. 

The movable weight, abandoned to the influence of gravity and the reaction 
of the beam, will have a complex, vertical, and horizontal motion, while the 
flexible beam will be, from the same cause, put into a state of periodical oscilla- 
tions, the number and amplitude of which will depend upon the moving forces 
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and inertiaof the beam. Let A B be the fixed supports of the beam, A D Bits 
position after the weight has been placed upon it. If the point E in the beam 
is sufficiently near to D, then the line D E may be considered straight ; produce 
D E to meet the horizontal line A B in F, and put the angle D F B=^. Let 
the force H, ^plied to move the weight from I) to E upon the inclined plane 
D E, be in the direction of D E. It is evident that the force H can be decomposed 
into two, viz., H sin ^ acting vertically upwards, and H cos ^ acting horizontally 
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from D to E. If we examine tlie effect of these two decomposed forces it will 
be found that the force H cos 6^ which is nearly equal to H, since the angle 
is small, will produce an elongation in the beam A D, and a compression*in the 
beam D B. When the elongation of A D is greater than the compression of 
D B, the beam between the supports is increased in length ; hence the middle point 
D, where the weight is placed, is moved vertically as well as horizontally into 
another position. From this force alone the beam would become a wreck if the 
force H, or the velocity with which the weight is moved from D to E, was suffi- 
ciently large ; but, to prevent this (Satastrophe, the vertical component force H 
sin diminishes the reaction of the weight and beam. The vertical force of tho 
weight, instead of being the weight alone, is now diminished by H sin 0, and is 
become W — H sin ^, where W is the weight of the movable body. The effect 
then of the vertical component is directly opposite to that of the horizontal com- 
ponent ; and it is evident that under certain conditions either one or the other of 
these two forces may prevail. Hence the indications of theory are in harmony 
with the observations of engineers, and fully justify the conflicting evidence 
which they have given on the subject. Sometimes the conditions of the moving 
weight and the beam are such as to produce a statical deflection greater than the 
dynamical, and sometimes the conditions produce a dynamical deflection greater 
than the statical. The computation of the effects of these component forces is 
attended \iith great difficulty, as they bring into full activity the elastic forces 
of the beam and its inertia. The solution, however, of this intricate problem, 
under certain restrictions, viz., when the weight of the beam is small compared 
with the moving weight, and the deflection small compared with the length of 
the beam, has been ^ven by Professor Stokes. (See " Transactions of the 
Cambridge Philosophical Society," vol. viii, p. 707.) 

The same distinguished analyst has given another solution to this problem 
when the mass of the moving weight is neglected, or the effect of the weight 
reduced to a travelling pressure. The exact solution of the problem lies between 
these extreme cases, and is therefore circumscribed by the labors of Professo? 
Stokes in such a manner that it can be approached to any degree of proximity 
required. The general dynamical equations from which the dynamical deflection 
is computed are so complex that a complete solution of the problem, as exhibited 
in practice by the movinir weight being sustained by the beam in two points, is 
not likely soon to be furnished. Still, what has been accomplished by Professors 
Willis and Stokes is sufficient to show to practical engineei-s that the startling 
results of Sir Henry James and Captain Galton, as obtained at Portsmouth, and 
confirmed on the Ewell and Godstone bridges, are indicated by dynamical laws, 
the truth of which cannot be controverted. If this be true^and there can be 
little doubt of it — no engineer will be justified in neglecting a just estimate of its 
effects on the stability of structures on the safety of which human life depends.' 
The commissioners appointed to inquire into the application of iron to railway 
structures have rendered essential service to the public by the discovery and 
experimental development K)f the 'difference between statical and dynamical 
deflection in iron girders. It is true they have not exhausted the subject, nor 
divested it wholly of its perplexity ; but they have gamed a positive and useful 
result, by showing to practical engineers the falsity of their position when they 
affirm that dynamical deflection is always less than the' statical. I may state, 
in conclusion, that Professor Willis, by a train of reasoning which depends on 
the assumption of each particle of the beam moving into its position, forming 
the trajectory, at the same instant of time, has shown that the inertia of the beam 
is the same as it would be by placing half its weight at the centre. 

This result is derived from a principle which is purely hypothetical, and the 
correct determination of which is the chief difficulty in the mathematical discus- 
sion of the problem. In the Appendix B to the commissioners' report. Professor 
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Willis has given the following dynamical equation, from -whicli the trajectoiyof 
the carve described bv the moving load may be computed : 
• dV g g^ y 

y and x are the rectangalar co-ordinates of the moving weight, the origin being 
at the extremity of the beam ; y is vertical and x horizontal 

V=the velocity of the moving weight. 
2a=the length of the beauL 

^=the force of gravity. 

S=the central statical deflection. 
This equation, and the reasoning by which it is established, accidentally fell 
into my hands during the time the commissioners were considering it, and in di 
letter to the secretary, Captain Galton, I pointed out the hypothetical principle 
on which the equation is founded. This principle is, that the reaction between 
the moving weight and the beam is equal to the weight which would be neces- 
sary to delect tne beam, when placed on it at rest, as much as the travelling 
load deflects it. This position is purely hypothetical, which may or may not 
give results approximating to the truth, according to the dimension of the quanti- 
ties which constitute the fixed data of the problem. It is not improbable that 
this reaction, the amount and direction of which influence the lootion of the 
moving weight over the beam, is continually vibrating between a maximum 
amount and zero, and that many times during the passage of the weight over the 
beam the reaction may be nothing, and therefore the moving load be abandoned 
to the influence of its own gravity only. However this may be, it is certain that 
its amount is never accurat^y measured by a formula which produces an accelerat- 
ing force of 

g(^ y 

as jriven by Professor Willis.. 

This subject has received considerable attention firom Mr. H. Cox, in a paper 
entitled '* Dynamical Deflection and Strain of Girders," which is printed in the 
"Civil Engineer and Architects' Journal" for September, 1848. It appears 
that Mr. Cox has established, from the principle of ms vtva, that the moving 
body cannot in any case produce a deflection greater than double the centr^ 
deflection, the elasticity of the girders being supposed perfect. Professor Stokes, 
howCver, has shown that this conclusion of Mr. Cox is not true ; that among the 
sources of laboring force which can be employed in deflecting the girders Mr. 
Cox has omitted to consider the vis viva arising from the horizontal motion of 
the body, and thereforo has been led to an inference which is not correct. The 
recorded experimental facts connected with the dynamical deflection of bridges 
and bars of iron are given in the roport of the commissioners as follows : 

SWELL BRIDGB. 

The span is 48 feet ; the statical deflection produced by the engine and tender, 
39 tons, and weight of half bridge 30 tons, was only .215 inch. This deflection 
was increased to .245, with a speed of 37 miles per hour. A speed of 51 nules 
per hour produced a deflection of .235. 

Greatest dynamical deflection 

Statical deflection —1-1^ 
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GOBSTONE BRIDGB. 

The span is 30 feet, the weight of engine and tender 33 tons, and weight of 
half bridge 25 tons; the statical deflection was .19 inch. This was increased 
to JS5 by a speed of 49 miles per hour. 

The dynamical deflection 

Statical deflection —■^•315, 

showing an increase of nearly one-third. 

A pair of steel bars, two feet three inches by two inches broad and one-fourth 
inch deep, gave the following results : 



Velocitj in feet per seoond. 
Central defleclion in inches . 



.70 



15 
1.02 



14 
1.32 



29 
1.45 



34 
1.30 



44 

1.03 



A bar of wrought iron nine feet long, one inch bioad, and three inches deep, 
with a load of 1,778 pounds, gave the following results : 



Velocity in feet per second . 
Central* deflection in incbee. 



15 



.38 



.50 



36 



43 



.46 



In the commissioners' report Mr. Hodgkinson has given the results of a variety 
of experiments on the transverse strength of cast, mixture of cast and wrought, 
and wrought iron. The experiments were made with great care, and every 
source of error that could be was eliminated, notwithstanding the trouble and 
expense which such a procedure necessitated. Still there was a great difficulty, 
which was always felt by Mr. Hodgkinson, and which occupied, at vai-ious times, 
much of his attention, viz., to connect the breaking-weight of the beam with its 
deflection in such a manner as to indicate true practictu results. For this pur- 

Sose he entered into a very general theoretical investigation on the transverse 
exure of beams, which is given in the second volume of Tredgold " On the 
Strength of Cast Iron f but, in order to make the results of this very general 
investigation practical, he is compelled to assume, first, that the forces of exten- 
sion and compression are proportional to the extensions and compressions; 
second, that the force of extension is equal to the force of compression ; third, 
the reaction at the points of support is always vertical. It is not surprising, 
then, that a formula, based upon so many assumptions, should fail to represent 
correctly the relation between the breaking-weight and the ^mensions of the 
beam ; this is exactly what has taken place. 

The discordance here alluded to has arrested the attention of W. H. Barlow, 
esq., C. E., F. R. S,, and the results of his investigations are given in two very 
interesting memoirs, printed in the "Transactions of the Royal Society'' for 
1855-'57. It would be great presumption on my part to enter into any profound 
criticism on the mode of procedure and results of these memoirs, revised as thev 
have been by Professor Barlow, who is justly distinguished by his genius, hign 
attainments, and long life devoted to the interests of science ; but still it may 
not be out of place here to make one or two observations which occurred to me 
while reading the memoirs. I quite agree with Mr. Barlow that there must be 
other forces jn operation when a beam is broken transversely than those simply 
and usually designated tensile and compressive. If a beam is broken transversely, 
and the existence and position of the neutral surfcice are admitted, then it is not 
difficult to conceive the existence of a third force between two adjacent laminae 
oneaually extended or compressed. 

This is really what happens, and the existence of which was/Well known to 
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Mr. Hodgkinson^ who thought it to be so small in practical cases that its accnma- 
lated action woald not produce much effect on the breaking strain of the beam. 
Be this, however, as it may, there is some little difficulty in subscribing to all 
that Mr. Barlow advances on thb important and interesting subject. In the first 
place there might be an exception taken to Mr. Barlow's metnod of fixing the 
position of the neutral line. Does he not fix it by an appeal to his senses rather 
than by the result of the mathematical analysis of the oata he has obtained from 
experiment! The position which he fixes upon, viz., the centre of the beam, 
necessarily involves the equality of tensile and compressive forces, a conclusion 
which is not justified by Mr. Hod^kinson's experience. In the second place 
Mr. Barlow makes it appear that the error in the breaking strain of a beam is 
nearly one-half by neglecting the force of adhesion between the adjacent laminae. 
We hardly think this conclusion is based npon sound premises, although it neces- 
sarily follows from the results of a formula which has been obtained by consider- 
ing only the two forces, viz., tensile and compressive. But it is hardly fair on 
the part of Mr. Barlow to institute a comparison between the resistance U> flexure 
and the results of a formula (W=§a4^-i-l) in which that resistance ^flexure is 
neglected, without applying the well;known corrections to that formula. When 
a beam is strained to a considerable extent the deflection becomes sensible, and of 
course the reaction at the supports, being perpendicular to the surface of the beam, 
makes an angle with the vertical. This circumstance affects the above formula 
in two ways: first, it alters the amount of the moment about a line in the neutral 
surface ; and, second, its tendency is to change the position of the neutral line. 
Therefore, unless these corrections are approximated to and applied to the for- 
mula, it is not safe to infer, as Mr. Barlow has done, that, by neglecting the 
resistance to flexure, the ordinary formula only gives nearly half the bre^ng 



Another source of error is in the law "u^ tensio sic vis^ as it is well known, 
from Mr. Hodgkinson's experiments, that the forces of extension and compression 
are neither equal nor vary with the extension and compression when the strains 
are large. I quite agree, as did Mr. Hodgkinson, with Mr. Barlow as to the exist- 
ence of a resistance to flexure in the transverse strain of beams besides the ordi- 
nary forces of tension and compression j but the mode of estimating this resist- 
ance to flexure in Mr. Barlow's second memoir amounts to the assumption that 
the force of extension varies by a law expressed by ox-f-^, where a and b are 
constants, and x the distance of the particle from the neutral axis. I may add, 
in conclusion, that Mr. Hodgkinson has computed the tensile and compressive 
forces, subject to a law much more general than the one here alluded to, with 
great clearness and adaptation to include practical cases. 

Mr. Barlow's two memoii*s, h<5wever, are the first on this subject 'to insist on 
the existence of a distinct force to resist flexure ; and although I do not see the 
force of his compai-ison of the resistance to flexure with the results of the ordi- 
nary foimula, or the theoretical method by which he estimates its amount, still I 
can with confidence recommend these memoirs to the engineering student as 
being worthy of his attentive perusal. 

In concluding this memoir of one of the most distinguished members of the 
society, I cannot help feeling that the description herein given of his character 
and labors falls short of the real position which they occupy in the public mind ; 
and although I have had much pleasure in reading and collating the discoveries 
of Mr. Hodofkinson, I regret that the preparation of this memoir has not been 
placed in abler hands. One thing, however, consoles me, and supplies me with 
an ample reward, which no criticisms on my effort can possibly cancel, and that 
is, I have been engaged, to the best of my ability, in the endeavor to perpetuate 
the memory of a great and good man, whose singular praise it is to have spent 
his life and his great powers for the good of mankind, with a single aim to truth 
and science, without desuing or gainmg pecuniary reward. ' r^r\r^n}i:> 
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EECENT PEOGBESS IN RELATION TO THE THEORY OF HEAT. 



By a. Cazin. 



TrmnsUted for ike 8mUh$oniau hitUutiou,* 

The study of beat presents a remarkable example of the connection which 
exists between the physical properties of matter. Restricted as the limits of 
this discourse mast necessarily be, I propose on the present occasion to consider 
heat under two points of view only, first in its relations to li^ht, and next in its 
relations to movement. It may thus be practicable to famish a rapid sketch of 
the actual state of this part of physics. 

The fact that the same laws are applicable to the propagation of heat and 
to that of light, is one which science leaves no longer in doubt. To every expe- 
riment in optics there corresponds a similar experiment in thermotics. The methods 
of observation are to-day carried to such perfection that M. Desains has been 
able quite recently to reproduce with heat the remarkable phenomenon of the 
luminous interference from striated surfaces. 

A pencil of horizontal luminous rays traverses a plate of glass on which aro 
traced parallel lines extremely close to one another, (6,000 lines in an extent of 
one inch.) This pencil is divided by the plate into many distinct pencils, 
which spread themselves in fan-shape in a horizontal plane, and we see, on the 
screen upon which these pencils are made to fall alternate intervals of light and 
obscurity. With the violet light the dark intervals are not so large as with the 
red. This is the phenomenon of diffraction discovered by Frauenhofer. By 
applying a thermo-electric battery, the most delicate of thermometers, at different 
places in the plane where the pencils transmitted by the laminons rays are 
distributed, M. Desains has verified the existence of pencils of heat distributed likQ 
those of light. Moreover, by causing obscure heat, proceeding from a solar pencil 
which has passed through M. TyndalFs solution of iodine in bisulphide of carbon, 
to fall on the rays, M. Desains has observed that the intervals without heat 
are greater than the obscure interval given by the red light. Remark now the 
gradation : the violet is more refrangible than the red, the red more refrangible 
than the obscure heat, consequently the magnitude of the intervals destitute of 
rays varies in inverse proportion to the refrangil^lity. 

Several other experiments in optics have been transferred by M. Desains to 
the domain of radiant heat. I will cite one of those relating to the polarization 
of obscure heat. The rays of heat employed issue from a common oil lamp ; a 
lens of glass collects them and causes them to converge on a prism of Iceland 
spar achromatized. Two pencils issue from this spar : that which is called the 
ordinary pencil encounters a second prism of spar like the first ; it is bifurcated 
in its turn. Of the two pencils thus obtained, that which is called ordinary -ordi- 
nary falls on a lens and converges towards the thermo-electric battery. When 
the principal sections of the two spars are perpendicular, neither light nor heat 
arrive at the battery ; the ordinary-ordinary pencil is said to be extinguished. If 
one of the spars be now mode to turn upon itself, light and heat immediately appear 
in this pencil. Let us now place between the two spars a trough, containing 
TyndalVs solution ; the luminous rays are arrested, and beyond the trough there 
remains only the obscure heat. The destruction of this heat is complete when 

*From the R^vue des eoun »cientifiqucs dt la France et de V Stranger, '*AB80Citttion 
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the principal sections of the two spars are peq>endicular. Here, then, we have 
the experimental demonstration of the polarization of obscure heat. 

Let us next place between the trough and the second spar a lamina of quartz, 
the thermo-^lectrie battery manifests heat anew, just as if, without interposing the 
quartz, we had caused the first spar to turn by a certain an^le. It is usual to 
say that the ordinary pencil which issues from the spar is polarized in the prin- 
cipal section, and that the transmission of this pencil through the quartz causes 
the plane of polarization to revolve. To conclude the experiment, we cause the 
fii*st spar to turn until the ordinary-ordinary pencil which encounters the battoiy 
is extinguished anew, and the angle of this rotation measures the rotation of the 
plane of polarization. 

The perfect resemblance of a luminous and a calorific ray has led to the infer- 
ence that the forces which are at play in the two radiations place mattering similar 
state of movement. Would we figure to ourselves a state of movement capable 
of producing all the phenomena of light, we have but to imagine an infinitude of 
particles situated upon the ray and oscillating from one side to the other of an 
intermediate position, like the particles of a chord which yields a sound ; two 
consecutive particles act one on the other in such a way that every modification 
of movement in the one induces a determinate modification in the other. While 
a particle executes a complete oscillation the movement is transmitted to a certain 
distance which is called length qf wave. Here we have the point of departure 
of the theory of undulations ; the same hypothesis is applicable to heat. 

From the fact that the propagation of heat and light takes place as well in a 
vacuum as through ponderable bodies, the above hypothesis must be thought 
incomplete unless it be supposed in addition that the matter which transmits the 
nndulations is difierent from ponderable matter j to the former, therefore, has been 
given the name of ether. Were this vibrating matter even of the same nature 
with the matter of ponderable bodies, it would still be useful to employ a special 
word to indicate that it is in a particular state, capable of propagating light; as 
the purpose in using it is to represent to ourselves the possible mechanism of the 
phenomena, we should, above all, seek simplicity of language, and the use of 
the phrase luminous ether satisfies this condition. 

It may naturally be asked whether there is a calorific ether distinct from the 
luminous ether ^ or whether one sole ether is sufficient for the mechanical repre- 
sentation of the radiation of light and of that of heat. Only one, it is evident, 
should be admitted, if that suffices for the explanation of all the known facts, and 
the question here relates to facts which ta'ke place in the material world, outside 
of ourselves and independently of our sensations. To the well-known researches 
of MM. Jamin, Masson, and Delaprovostaye, which corroborate the hypothesis 
of a single ether, we should now add the late investigations of M. Desains on the 
rotation of the plane of polarization of the rays of obscure heat in passing through 
quartz. 

When the question relates to luminous rays we know that the rotations of the 
plane of polarization are inversely proportional to the squares of the lengths of 
wave. If there be luminous rays having a length of wave four times greater 
than that of the violet rays, their rotation, according to this law, would be 16 
times smaller than the rotation of these last. Now, MM. Delaprovostaye and 
Desains had heretofore established that calorific rays and luminous rays of the 
same length have the same rotation. And now M. Desains shows us that the 
rays of obscure heat satisfy the law as enunciated, and among these rays there are 
such as have, in fact, a rotation 16 times less than that of the violet, and a length 
of wave four times greater. 

Instead of assummg that two like systems of waves propagate, the one heat, 
the other light, while they undergo the same modifications by reflection and 
refraction, is it not more simple to admit but a single system, the longest waves 
producing the effects of heat; ajid the shortest those of light f Such^is the import 
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of the principle of the identity of heat and light ; it explains all obscrred pecn- 
liarities of radiation, whether chemical, calorific, or luminons. 

If we would comprehend, for example, how a eolation of snlphato of quinine is 
luminous in a dark chamber, when it is placed in the ultra-violet region of the 
solar spectramt Imagine a series of tuning forks of diflferent magnitudes assem- 
bled together in the same place, and a sound produced at a distance. Several 
of the mrks will be thrown into vibration, namely, those which are capable of 
rendering the hannonic sounds of the exciting sound. Sonorous waves, longer 
than the incident wave, will proceed from the forks which render grave har- 
monic sounds : the exciting sound will have generated graver sounds. Such is the 
analogy of fluorescence. The radiations incident to waves too short to excite the 
retina generate in the sulphate of quinine longer waves, which are capable of pro- 
ducing the sensation of light. Inversely an obscure radiation of a wave too long 
to be luminous may, by encountering certain bodies, occasion therein more rapid 
ethereal vibrations, and generate shorter waves, which shall be luminous. These 
vibrations are analogous to those which correspond to the sharp harmonics in 
the acoustical expenment which I have adopted for exemplification. Here we 
have the image of that kind of calorific and luminous phenomenon which M. 
Tyndall has termed cdlorescence. 

The ray of heat which penetrates into a body is absorbed therein either in 
whole or in part. So long as the question concerns a solid or liquid body we 
feel no doubt as to the exactness of this proposition ; it is the simplest expression 
of observed facts. But when it relates to a gas or to vapor the absorption is 
much more difficult to demonstrate. We owe to M. Tvndall, in England, and 
to M. Magnus, in Germany, the experimental proof of the absorption of heat by 
gases and the measure of that absorption. 

The experiments of M. Pouillet on the solar heat long since taught us that the 
atmosphere retained a considerable portion of the rays emanating £rom the sun ; 
but which of the gaseous elements of the air exerts the greatest ^sorption t At 
present some approximation has been ma^le to the solution of this important 
question, and I shall attempt to show at what point it has arrived. 

To ascertain the absorption of heat by a gas, we will take, like M. Tyndall, 
a tube of plate-tin of the length of two metres, which bears a tubulure in the 
middle and a tubulure towards each end. A pencil of obscure heat traverses this 
tube, and encounters the thermo-electric battery. The calorific effect indicated 
by tne galvanometer is due, in part, to the rays which pass into the tube parallel 
to its axis, in part to those which have undergone sundry reflections on the walls 
of the tube ; the tube contains at this time only common air, naturally humid. 
We exhaust this air by the tubulure of the middle, by means of a pneumatic 
machine ; as the tube is open at both ends the atmospheric a\r enters freely, and 
notwithstanding the removal of the strata of air, the needle of the galvanometer 
remains at rest. If coal gas be now introduced through the terminal tubulures 
the deviation of the needle diminishes, which shows that heat no longer traverses 
the tube as freely as before. Arrest the introduction of the gas by continuing 
the action of the pistons of the pneumatic machine, air replaces the gas, and the 
needle returns to its former deviation. From this experiment it is inferred that 
coal-gas has an absorbing power superior to that of atmospheric air. 

M. Tyndall varied this experiment by causing dry air to pass into the tube, 
and observed an augmentation in the deviation of the needle of the galvanometer. 
From this he concludes that the absorbing power of humid air is greater than 
that of dry air, and that aqueous vapor exerts on heat a considerable degree of 
absorption. A great number of experiments made by other methods has led him 
to the same conclusion. On the other hand M. Magnus, in operating after M. 
TyndalVs or by other methods, found that humid air acted very nearly aa dry 
air, and that any great difference was only manifested when water exists in the 
air in a vesicular state, similar to the water of clouds. digitized by GoOqK 
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The experiment of M. Tyndall, of which I have attempted to give an idea, 
seemed to be of a nature to decide the question in favor of the English physicist. 
But it is in reality a very complex question, as is shown by the latest observa- 
tions of M. Wild, of Berne, and those of M. Magnus. The state pf the wall of 
the tube exerts a highly important influence on the effects obtained. It is true 
that humid air communicates less heat to the battery than dry, if a tube polished 
on the inner side be employed. But if the tube be blackened or lined with 
velvet an inverse effect is observed ; humid air then conveys more heat to the 
battery than dry. The complication of the phenomenon is connected with the 
condensation of the vapor of water on the walls of the tube. It appears, there- 
fore, extremely difficult to measure the absorbing power of aqueous vapor by the , 
methods which have heretofore been practiced; all that can be concluded from 
numerous observaticms up to the present time is that this power is not so con- 
siderable as M. Tyndall thinks. If we consider, however, the terrestrial atmos- 
phere in relation to the vesicular water it contains, absorption will appear due 
principally to that water^ and the climatological conclusion of M. Tyndall be 
fxee trom objection. 

In what light should we regard the mechanism of absorption f If we admit 
in bodies the existence of ponderable particles and an ether, we can suppose that 
the movement of the ether is transformed into a different movement, effected by 
the particles of the body when absorption occurs. We are led to believe that 
this transformation is more facile in compound bodies that in simple, from seeing 
that the absorbent power of the former is in general greater, and we can imagine 
compound bodies to be aggregations of particles whose form is opposed to the 
vibrations of the ether. M. Tyndall says that simple gases are to compound 
gases what a smooth cylinder, revolving in water, is to a wheel with paddles. 
The verification of such a law is of very great importance, and we thus see how 
the research respecting the absorbent powers of gases and vapors may disclose 
remarkable correlations between the different properties of matter. 

In the same way that we just represented to ourselves the absorption of heat 
by gases, we can also represent its emission ; it will be the transmission of the 
movement of the particles of gas to the ether, and two gases will present the 
same relation between their absorbent and their emissive powers. The emission 
of heat by gases is well established by the experiments of MM. Tyndall and 
Magnus; there remains no nncertainty but with regard to the numbers which 
measure it. On this head new researches are indispensable. 

There exist other phenomena calculated to reveal to us the relations of heat 
and light. It has been long known that the refractive properties of bodies vary 
with the temperature, and the study of this variation must greatly contribute to 
our knowledge of the constitution of bodies. M. Fizeau has been occupied with 
this study for many' years, and he has been led to the origination of a new expe- 
rimental method, the principle of which I proceed* to explain. 

The heat absorbed by a body is employed to produce many effects, among 
which is the change of its volume. When the question relates to a body sufficiently 
voluminous, the methods practiced leave nothing to desiie. It is not so, however, 
in regard to bodies which can be obtained only in small fragments, such as 
crystals. The process of M. Fizeau is essentially as follows : The solid frag- 
ment, having the form of a lamina with two parallel faces, is placed on a hori- 
zontal metallic plane, supported by three long adjusting screws. The upper 
points of these screws support a plane of glass, beneath which is the solid lamina 
designed to be studied. By working these screws the lower face of the plane 
of glass is brought parallel to the upper face of the solid, at a distance of about 
two hundredths of a millimetre. By causing rays of simple light to fall perpen- 
dicularly on the lamina, rings, alternately brilliant and obscure, will be seen 
reflected on the latter. If the thickness of the small stratum of air interposed 
between the glass and the solid be gradually increased, the rings approach the 
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centre by a centripetal moyement ; tbe central dark ring becomes a black point 
and disappears ; the second dark ring has taken its plac^, disappears in its tarn, 
and so on in succession. Inversely, if the thickness of the stratam of air is 
diminished, the movement of the rings is centrifugal ; a point appears at the centre, 
^ws larger, becomes a ring ; then a new ring is formed at the centre, and so 
in succession. When a ring proceeds thus to occupy the place of another ring, 
we know, according to the laws of light, that the thickness of the stratum of 
air has varied by a half length of the wave ; for yellow light this variation is 
294 millionths of a millimetre. Observation of the rings, therefore, will enable 
us to know the slightest variations in the thickness of the stratum of air. 

The apparatus is placed in an air-bath, and is gradually heated. If the solid 
lamina dilates it tends to diminish the thickness of the stratum of air ; the three 
screws, on the contrary, by dilating, tend to increase that thickness. The result- 
ing effect will be a diminution or augmentation of the thickness, and consequently 
the centrifugal or centripetal movement of the rings will be observed, according 
as the dilatation of the lamina shall be greater or less ihim that of the screws. 
From the degree of displacement of the rings we deduce the dilatation of the 
lamina. 

This method, the precision of which is extremely great if we take all the pre- 
cautions indicated by M. Fizeau, enables us to resolve a great number of ques- 
tions relating to the properties of crystals, and to establish new relations between 
heat and light. Thus tnere exist in a crystal three rectangular directions, which 
are called axes of elasticity, around which are grouped the most remarkable opti- 
cal phenomena, and also the phenomena of oondactibility and electricity discovered 
by De S^narmont These axes play the same part in the phenomena of dilatation 
by heat, and the ingenious researches of M. Fizeau have now completed our 
knowledge of the admirable structure of crystallized solids. Among the numerous 
unexpected results at which he has arrived, I may cite the contraction of the 
ioduret of crystallized or amorphous silver at every temperature which has been 
employed, and the existence of a maximum of density for the beryl, the protoxide 
of copper, and the diamond. 

I pass now to the second part of my subject, the relations which exist between 
heat and movement. During the heating or the cooling of a body, there, are in 
general three sorts of effects to be considered, the variation of temperature, the 
external mechanical labor which results from the change of the volume of bodies 
and from pressures exerted on their surface, and the internal mechanical labor 
which consists in the change of aggregation. There are definite relations between 
these effects and the quantities of heat lost or gained by the body, and the dis- 
covery of these relations is one of the most remarkable advances of modem 
physics. It serves as the basis for the mechanical theory of heat. 

It is now well established by experiment that a given quantity of heat is 
equivalent to a ^ofinite mechanical labor, as if heat were convertible into labor, 
and vice versa. This experimental law leads us to regard the effects of heat as 
the result of the movement of the particles of boilies, and to home hypotheses 
which enable us to conceive of this movement ; but such is not the object of the 
mechanical theory of heat. Without forming any hypothesis respecting the 
nature of heat, it only sets forth a small number of principles, a sort of postu- 
lata suggested by experiments, and it links together all the known facts by means 
of general relations deduced mathematically from those principles. It is a physical 
theory in the rigorous acceptation of the word. 

Till now two fundamental priilciples have se^ed as a point of departure ; but 
according to the recent researches of M. Him, the second principle would be a 
rational consequence of the first, so that thermodynamics would seem based in 
reality on the sole principle of the equivalency (/ heat and <^ labor. So important 
is such a proposition that I could not pass it by in silence. 

Tbe thermodynamic theory has opened a new horizon to all those who study 
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tbe pbysical and natural scienoes. Admirable as has been its previoas career, it 
tas before it the most brilliant fatore. When our illustrions Ampdre had divined 
the connection which exists between magnetism and electricity, electrodynamics 
was founded, and brilliant discoveries arose on every side. Oar own generation 
oas no cause to envy its predecessor^ to the former pertains the credit of the 
development and application of thermodynamics. The formulas deduced from 
this branch of science have undergone the test of experimental scrutiny, applied 
by M. Regnault and other physicists ; those formulas have other tests to undergo, 
hy suggesting new experiments which had probably never been attempted without 
them. 

The scientific association of France will contribute to this progress by facili- , 
tating and stimulating research. In this spirit its committee of physics has 
charged me with the study of the properties presented by saturated vapors when 
they undergo expansion or compression, and the results obtained have been pub- 
lished. The creation of new apparatus has led to other researches. It is thus 
that M. Him and myself have recently solved an important problem, respecting 
which there had not, to our knowledge, been any previous experimental infor- 
mation. I may be permitted here to give a statement of that problem : '' A 
vapor supersaturated with heat is suddenly expanded by producing an external 
labor, without addition or subtraction of heat; what is the relation of the pressure 
to the temperature during the expansion t" There is an agreement between the 
results we have reached and the principles of thermodynamics ; they prove that 
the changes of volume in vapors are accompanied by a considerable internal 
labor. 

The laws which govern the internal labor of bodies are of the highest importance 
towards a knowledge of the constitution of matter, and yet those laws have been 
scarcely so much as surmised. To this day, experiments have had for their 
principal object the relations of heat and of external labor; it is from these exper- 
iments that have been deduced the numerical data now in use. The experi- 
ments relative to internal labor are more difficult and more rare. We have had 
recently the researches of M. Edluug, in Germany, on the thermic effects of the 
traction of metals. The principal experiment, and which the author has submit- 
ted to careful study, is the following : Along a stout piece of vertical wood is 
arranged a bar of metal terminated below by a ring, and fiimly fixed by its 
upper exti-emity. Through the ring a strong iron lever is passed, one extremity of 
which rests on an axis attached to the piece of wood at a short distance from the 
ring, and the other extremity bears a basin at nine times that distance from the 
ring. When we place on this basin a weight of 60 kilograms, we exert on the 
bar of metal a traction of about 600 kilograms, the lever being of the second 
oi*der. A thermo-electric battery has one of its faces applied against the bar, and 
a galvanometer shows the depression of the temperature. Let us now gradually 
lift the weight in order to allow the bar to return to its primitive length ; the 
galvanometer indicates a corresponding elevation of temperature. Finally, if 
we suddenly remove the weight, there is again an elevation of temperature ; 
but this time greater than before. 

How is this phenomenon to be explained t Let us consider the bar as elon- 
gated by the external traction ; its particles have taken such poffltions that the 
mtemal forces form an equilibrium to the external forces. If we suppress the 
latter, the body resumes its original volume through the effect of the internal 
forces, and there is an internal kbor expended; there is a fnanifestation, thei*e- 
fore, within the body itself of a (Jhantity of heat proportional to that labor, and, 
consequently, a spontaneous elevation of temperature ; it is here taken for granted 
that the calorific action of neighboring bodies may be overlooked. 

In place of suddenly suppressing the traction, let us allow the molecular forces 
to restore the body, little by little, to its original volume, by gradually dimin- 
ishing the force of traction. The external labor thus prodwseavfiil correspond 
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to an equal part of the internal labor expended, and the other part will be equiva- 
lent to the heat made apparent, consequently, to the elevation of temperature. 
This elevation will be less, therefore, than that of the preceding operation, and 
the difference will be proportional to the external labor produced. 

But this operation may be .reversed, and when we proceed in such manner as 
to dilate the body mechanically, there is an internal labor produced which remains 
greater than the external labor expended ; the difference of these two labors cor-^ 
responds to the disappearance of a proportional quantity of heat^ hence a spon- 
taneous lowering of the temperature. 

Thus experiments of this kind fiimish us a relation between the external labor, 
the internal labor, and the heat created or destroyed. On the other hand the 
mechanical theory establishes a mathematical relation between these quantities. 
It is practicable* therefore, to submit a consequence of this theoiy to the test of 
experiment. Such is the object which M. Edlung proposed to himself, and it 
may be said that the verification has been as complete as possible. But it does 
not appear possible to draw from such experiments the exact value of the 
mechanical equivalent of heat, on account of the impossibility of preventing the 
calorific influence of neighborii^ bodies. As the traction is not instantaneous, 
neither can the thermometric e^t be so; the effect which we observe is there- 
fore too small, and the theoretic formula which serves to calculate the mechanical 
equivalent yields a value too great. If we establish a system of corrections in 
regard to the effect of the surrounding bodies, the uncertainty is not less great, 
because of the minuteness of the thermometric effect that is measured. 

By the side of the speculative researches which have aggrandized our knowl- 
edge respecting heat within a few years past, of which I have been able to sig- 
nalize but a small number, may be ranged certain interesting experiments which 
have been devised for the popularization of science, and with which most of us 
are already familiar. I have selected one of those which we owe to the celebrated 
English professor, M. Tyndall, because it is the reproduction of a striking natural 
phenomenon. I refer to the intermittent eruptions of water and vapor met with 
in Iceland. M. Bunsen has furnished a very simple explanation of volcanoes of 
this kind, which are called geysers, and M. Tyndall has very ingeniously imitated 
them. 

Imagine a pit of a depth of twenty metres, and a breadth of three ; at the 
bottom there is water heated by the volcanic substances which proceed from the 
depth of the earth. The different strata of water occur under pressures increaaing 
from above downwards, since each stratum must sustain the pressure of the atmo- 
sphere and that of the column of water which is above it. The temperature of 
ebullition of these strata will therefore increase, in like manner, from above 
downwards. Let us consider a stratum having a temperature a little below that 
of its ebullition, under the conditions in which it actually exists : if its pressure 
be diminished, it is thrown into ebullition. This is precisely what takes place 
in the geyser. Aqueous vapor being formed at the bottom of the pit, wheie the 
heat is strongest, lifts up the strata of water above. If one of them be raised 
sufficiently high, it passes into a state of ebullition ; the water which is below it 
is less compressed ; it boils in its turn, and a mass of vapor is instantly formed 
at the bottom of the pit. This vapor expels the upper strata of water, and itself 
issues with them, forming an immense sheaf-like jet. The expelled vapor io 
cooled, becomes liquid, and falls back with the projected mass of water ; by its 
re-entiy the temperature of the pit is reduced, and ebullition is suddenly arrested. 
We now hear a concussion proceeding from the formation of new bubbles fs 
water, because all the parts of the pit are not instantaneously chilled ; until 
finally, repose is re-established. But the central heat gradually restores the col- 
umn to its former state, and a new eruption takes place. In the experimental 
demonstration, the geyser is represented by a tube of metal, two metres in length, 
surmounted by a basm. It is filled with water^ and two sources of heat are estab< 



4 

238 BECENT PROGRESS IN RELATION TO THE THEORY OP HEAT. 

llsbed^-one at the bottom, the other 60 centimetres higher np. By reflating the 
heat, the water of the latter region is maintained at a temperature a little below 
103 degrees, and therefore cannot boil ; but if the strata of the bottom are raised 
to 105 degrees, they are thrown into ebnllition, and the steam raises the middle 
stratum. This is immediately rednced to vapor, and the errnption takes place. 
The mixture of water and steam foils back into the basin, re-enters the tube, and 
a certain interval elapses before the fires can re-establish the temperatares requi- 
site for a new erruption. 

In thus presenting to my auditors a view of some of the recent researches of 
physicists, I have endeavored to indicate the philosophic tendency of those 
* researches. They lead us to presage new advances which will draw closer the 
bonds which science has discovered between the various forces of nature. Is it 
enough for us to picture to ourselves the mechanism of phenomena by the help 
of ingenious hjrpothesesT Hypotheses are useful to the physicist for the dis- 
covery of the numerical laws, which reveal to us the harmony of the universe ; 
they do not suffice for the philosopher who wishes to ascend higher in the search 
for causes. But to the data of experimental science it is necessary to join prin- 
ciples of a wholly other order, the geim of which has been implanted in our souls 
by the Creator. The ori^n and essence of natural forces are questions of phi- 
losophy whose solution, if it is possible, exacts all the powers of investigation 
of which the human mind is capable. 

THE PRINCIPAL SOURCES OF HEAT.* 

In selecting as the subject of this discourse the prindpal sources qf heat, I 
have proposed to give a very simple example of the connection which exists 
between natural phenomena, even those to which we might, if we contented our- 
selves with a superficial examination, deny a community of origin. But when 
mental practice has habituated us to observe what surrounds us, and to draw gen- 
eral conclusions from our observations, when we have learned to read, in some 
sort, the great book of nature, we hesitate no longer to recognize the connec- 
tions which escaped us at first^ and we seek an expression for those connections; 
when we have found that expression, we have constructed a physical theory. 
The theory which will serve me to show the connection of the sources of heat 
is very recent ; it is alluring fix)m its very simplicity. But being a work purely 
human, it is but a rough portraiture, a pale reflection of the grand unity which 
reigns throughout nature. All the merit of this theory consists in its being bet- 
ter than those which preceded it, and in seeming to approach nearer to the truth. 
This must justify us in adopting it. 

Let us understand, then, the limits to which we are restricted ; as far as con- 
cerns us at present, to explain a phenomenon is to show the connection which 
exists between that phenomenon and a general nrinciple which is the expression 
of a fact more simple than experiment £is revealed to us. I shall commence by 
establishing the fundamental principle on which I propose to sustain myself. 

When a ball of ivory falls on a horizontal plane of marble, it rebounds and 
returns almost to its point of departure. Repeat the experiment, by replacing 
the ivory with lead, and the ball will rise to a less height in rebounding ; but 
now it will grow warm, which was not the case with the ball of ivory. Cause 
soft bodies or liquids to fall ; these will no longer rebound, and if we measure 
their temperature we shall find the heat created by the impact to be greater thaa 
in the previous instance. 

It is now known that eveiy pound of every ponderous body, which loses its 
Telocity by falling fixim* a height of about 720 feet, and which does not rebound, 
disenages a quantity of heat capable of raising by one degree the temperatdxe 

* Confirence de M. Cazin, ' * Soiree scientifique de ChartraB.*' Rene dee^oure sciemt^ues 
de la France, *c., July, 1867. Digitized by LjOC 
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of a poand of water. This datam of experiment serves as a basis for all calcula- 
tions relating to tbe mechanical theory qf heat. 

Here, then, there is a source of heat whose importance cannot, escape our 
attention. Consider the innumerable fall's of water which exist upon the earth, 
the waves of the ocean which resemble immense cataracts, incessantly renewed, 
and if we would represent to ourselves the enormous quantity of heat they pro- 
duce, take as an example the falls of the Rhine at Schaffhausen. It has been 
calculated that this single water-fall creates in a day the heat required to melt 
12,000 tons of ice. \ 

Nor is heat created by the impact of heavy bodies alone. When any force 
has put a body in movement, it often happens that this movement is afterwards 
annihilated, that is to say, it stops without being communicated to other bodies, 
and heat becomes apparent. This is seen in the well-known experiment of the 
fire syringe. We exert a muscular effort on a piston ] this compresses the air, 
and our force seems fruitlessly expended. But if it is not employed in commu- 
nicating motion, it serves to proauce beat; the compressed-air is heated suffi- 
ciently to kindle gun-cotton. We will lay it down then as a principle that heat 
may arise from the destruction of movement. 

Our habitual sources of heat are chemical combinations. I take sulphuric 
acid, diluted with water, in which I have immersed a small balloon containing 
ether ; I put zinc in this acid ; a lively chemical action is produced, and the mix- 
ture is sufficiently heated to throw the ether into ebullition. The jet of vapor 
rushes out by a slender tube, and may be made more conspicuous by kindling it. 
The solution of "zinc in an acid is therefore accompanied by a disengagement of 
heat. 

The heat disengaged in a chemical reaction is often sufficiently intense to pro- 
duce incandescence, and when the vivacity of action is very great, an explosion. 
I shall cite some examples recently discovered, without going however into detail. 
A leaf of paper is mobten^ with pyroligneous acid ; we touch it with a glass 
rod coated with a mixture of sulphuric acid and hypermanganate of potassium, and 
the paper immediately takes fire. Again, we let &11 some drops of the essence 
of anise on the same mixture placed in the bottom of a glass ; there is now both 
incandescence and explosion. 

To manifest to mv auditors the connection which exists between the heat cre- 
ated by impact and that created by chemical action, I take an example, well 
known, but on account of its simplicity, serving better than the preceding for tho 
purpose of explanation. The powdered iron, suitably prepared, takes fire when 
exposed to the air. What is it that occurs in this phenomenon t One of the 
elements of the air, oxygen, combines with the iron and forms a brown powder, 
which is called oxide of iron. If the iron be weighed before and after the com- 
bination, it will be found to have increased in weight ] this proves the fixation 
of the oxygen in the iron. Now, we shall very well represent to ourselves the 
mechanism of the combination, by imagining that the particles of oxygen have 
been precipitated on the iron and become fixed, just as the stone which falls on 
the earth remains fixed to the soiL Heat, then, has been created by the impact, 
and the connection we songht is established. 

The chemical sources of heat are so important in the arts, that I shall more 
particularly dwell upon them, with a view to point out the recent improvementa 
of which Uiey have been the object. It was only the combustion of charcoal, 
accelerated by the insufflation of a considerable quantity of air, which for a long 
time was made use of in industry ; such is the fire of the smelting furnace, which 
can melt iron, but is incapable of melting platina. This metal, as precious as 
gold, could be melted by no known chemical process until quite recently, when 
the means were devised by M. H. Sainte-Claure Deville. At present we melt U 
very easily by tbe combustion of illuminating gas with piure oxy^n. In this pro- 
oesB the oxyg^i contained in a gasometer iBsoes by a copper pipe tenninated by 
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a tip of platina. Tliis pipe is in the axis of a seoond and larger pipe of cop- 
per, wLoBO extremity is also of platina. The illominating gas issues forth, fill- 
ing the interval comprised between the two pipes. We have thus a jet formed 
by a mixture. We kindle this jet and introduce it into a furnace composed of lime : 
the flame whirls with resonance in themidst of the furnace, heats i.t intensely, and 
issues by a lateral opening. It is by this opening that we introduce the platina 
under the form of thin laminae. Each lamina disappears as if swallowed up, 
and a sparkling liquid trickles to the bottom of the furnace. 

We stop the jet of flame and uncover the furnace ; the liquid platina is so 
dazzling that we may extin^ish the gas burners in the hall, and we are illu- 
minated as by the electnc light. We pour the liquid in a vase of limestone, 
and can see its perfect fluidity. By degrees it grows cool in the air, and finally 
becomes a solid ; but it is so heated that it will remain a long time luminous. 

When there is need but of a moderate heat, the combustion of illuminating 
gas by the ordinary air is often preferable* to that of coal, and the construction 
of apparatus for warming by gas is at present carried to great perfection. The 
principal improvement is due to the distinguished German chemist Bonsen, who 
has devised an excellent anangement for completely burning the gas. 

The Bunsen burner is essentially formed of two concentric pipes ; the gas 
is conducted into the inner one ; the external pipe being open at the two extrem- 
ities, the atmospheric air naturally enters, mingles with the gas, and it is this 
mixture which is kindled. The flame is but slightly luminous, but very hot ; if 
we prevent the access of air, the flame becomes brilliant, because the carbon of 
the gas is not immediately burned by the oxygen of the air, and it rem^ains for 
some time as a solid dust raised to a very high temperature. It is the presence 
of the fi*ee carbon which enables the fl^une to bo illuminative ; the form of the 
burner for giving lifi^ht is such that the carbon is not burned so soon as the hydro- 
gen of the gas, while in the burner of Bunsen it is burned at the same time. A 
single one of these burners, of a suitable size, is sufficient to melt silver. 

At present the Buneen burners are of the greatest service in our laborato- 
ries ; they are employed for heating the tubes for chemical analysis, and quite 
recently an arrangement has been contrived which secures for this mode of heat- 
ing the greatest regularity. The mixture of air and gas issues by some sixty 
small holes pierced in a cylinder of fire-proof earth, and all these small flames 
raise the cylinder to a red heat, in such sort that the caloric is uniformly diffiised 
in all airections. Some hundred jets of this sort, suitably disposed around a 
glass tube, raise all its points to the same temperature without risk of fracture 
or distortion of the tube. Is it possible to attain a temperature sufticient for the 
fusion of platina by burning simply a mixture of air and coal-gas f It is the 
presence of nitrogen, an element of the air altogether inert, which hinders the 
temperature of combustion of such a mixture from being as high as that of the 
n!)ixture of gas and pure oxygen. The nitrogen appropriates a part of the heat 
created by Qie chemical combination, and moreover it embarrasses the contact of 
the oxygen and the combustible. The employment of air would nevertheless 
be much preferable to that of pure oxygen, when an industrial interest is in ques- 
tion, on account of the deamess of the latter and the difficulty of its prepara- 
mtion. Hence it has been sought to solve this problem ; and, by applying to 
the blow-pipe of M. Schleesing the principle of the ventilator of M. Demontdesir, 
M. Wiesnegg has succeeded in melting platina by means of a mixture of air 
and coal gas. 

In the blow-pipe of M. Wiesnegg, as in that of M. Schlaesing, compressed air 
arrives by a «mall orifice at the bottom of a tube, and the gas penetrates into 
this tube by a lateral tubulure in advance of the jet of air. The mixture is 
kindled at the outlet from the tube. But in the blow-pipe of M. Wiesnegg, the 
air being very strongly compressed, issues with great velocity ; it briskly draws 
in the gas, and holes being pierced around the orifice of efflux, the^mosphpric 
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air is itseK drawn in, and penetrates into the blow-pipe, which considerably an^- 
ments the total quantity of air mingled with the gas. In order to evince this 
fact of the aspiration of the sairounding air, we kindle the jet and direct it into 
a small furnace of brick, analogous to the furnace of lime, which has served us 
for meltine pladna. The flame issues with resonance by a small aperture, and the 
walls of the furnace are rapidly raised to a red heat. We now let fall powder 
^f iron around the holes of the blow-pipe ; this powder becomes heated in the 
fdmace and issues with the flame in brilliant sparks. The necessary accessory 
of the blow-pipe consists in a powerful bellows, which impels the jet of air under 
a pressure of two atmospheres. For this purpose a pump compresses the atmos- 
phere in a reservoir, while a tube of. resistant caoutchouc conveys the compressed 
air from this reservoir into the blow-pipe. 

In this way the inconveniences of the nitrogen contained in the air are lessened. 
In the blow-pipe of M. Wiesnegg, the air is so intimately mingled with the 
gas that the mertia of the nitrogen offers the least possible opposition to the 
rapidity of the chemical combination. Now, it is on this rapidity that depends 
the temperature of the flame. The more rapid the molecular movements which 
create heat, the higher the point to which the temperature is raised ; because the 
environing bodies have not time within a certain Innit to absorb that heat. 

I limit myself to these applications of the chemical sources of heat, and pass 
to a source of quite another kind -— to that which has furnished us the highest 
known temperatures, and which can reduce to vapor the diamond itself. None 
of the preceding methods enable us to modify this substance ; it is the most 
refractory of which we have any knowledge. 

Conceive a sheet of zinc and one of copper plunged into sulphuric acid, diluted 
with water. We know that the zinc combines with the elements of the liquid, 
producing heat. If we unite the two sheets by a metallic wire, the latter becomes 
heated, which indicates that it is the seat of a peculiar modification. The cause 
of this modification we name electricity, and we say that the assemblage formed 
of the acid) the metals and the wire, is traversed by the eUctnc current. Now, 
if we measure the heat produced in the acid and in the wire, we find it to 
be, for a certain weight of zinc dissolved, the same as if the metal were mmply 
dissolved in the acid without the wire, which gives passage to the current. The 
sole difference which exists between these two modes of operating consists in 
the heat being dj^erently distributed ; in the act of the dissolution of the zinc 
in the acid without an electric current, the heat is only produced at the place of 
the chemical action ; when there is a current, this heat is produced simultane- 
ously in all the parts of the circuit traversed by the current. In order to exhibit 
the heat disengaged in the electric circuit, a battery has been arranged outside 
of the apartment occupied by my audience ; that battery being an assemblage of 
sheets of zinc and acidulated water in which the chemical combination is effected, 
while the metallic wire which serves to close the circuit extends to myself for 
the performance of the experiments. At this moment the wire is divided, and I 
hold in my hand its two extremities ; I touch with them the two ends of a fine 
wire of platina, 50 centimetres in length, so that the circuit is now closed. The 
current passes, and we see that the wire of platina is heated to a white red ; it 
In fact melts, and noidonbt therefore can remain of the disengagement of heat 
which I announced. The two wires with which I touched the platina were of 
copper, and their diameter was about two millimetres ; these also have become 
heated, but the elevation of their temperature was slight, simply because of their 
thickness. 

I shall not seek on this occasion to explain how electricity effects the distribu- 
tion of heat in the circuit of the battery ^ I propose merely to mention this means 
of producing heat, the discovery of which we owe to Yolta, and which dates but 
a half centuy ago. It has been seen that this source of heat is of chemical 
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origin; and oonseqnently the connection which it has with the floarces previoosly 
8poken of is sufficiently established. 

It remains for me to show how the Voltaic circnit realizes the highest tempera- 
tnre known. We attach to the extremities of onr two copper wires cylindrical 
pjeoes of charcoal ; we then bring these cylinders into contact with one another. 
The circuit is now closed. If we separate these two pieces of charcoal; a mass 
of diuszling light fills the interval between them and re-establishes the continuity 
of the circnit. What is this light, which has received the name of the VoUmc 
arch t It is a volume of incandescent particles of charcoal, which acts in like 
manner with the platina wire of the preceding experiment. Thia mass of par*^ 
tides is vehemently heated by the passage of the current. In order that its 
enormous temperature may be appreciated, we project it on a tablet by means of 
lenseS; having first enclosed it in a suitable box, that the eyes of the spectators 
may be sheltered from its blinding brightness. By this expedient, we are enabled 
to view all the details of the Voltaic arch. On the tablet we may see the reversed 
imai^ of the sticks of charcoal, themselves heated to white-red, as well as that 
of the arch; which appears as a violet flame. Let us place a sheet of platina in 
this flame ; it melts rapidly, and the fused platina collects in a sparkling globnle 
on one of the pieces of charcoal. Thus, the heat is at least as strong as in the 
furnace which, an instant ago, we heated by a chemical process. But it is much 
stronger, and if we placed a diamond instead of platina in the Voltaic arch, it 
would be seen to become soft and begin to melt. Were we to conduct this opera- 
tion in a vacuum, the vapor of the diamond and that of the chajncoal of the 
apparatus would be deposited on the walls of the vase. This experiment was 
made for the first time by Despretz, at the SorbonnC; with a battery of adequate 
power. 

The sources of heat which I have thus far noticed are at the disposal of man, 
who can regulate them at his pleasure ; these are artificial sources* It remains 
to speak of the natural sources — of those whose power the Creator has regulated, 
in order to constitute the universal harmony of nature: 

It is impossible to explain in this short discourse^ by what admirable laws heat 
is incessantly g^ierated by animals. It suffices to recall the fact that this heat 
has a chemical origin, in oSrder to comprehend that it is referable to the same fun- 
damental principle with the others. In effect, the carbon and hydrogen furnished 
by our aliments are placed in presence of the atmospheric oxygen by the act of 
respiration, and then: chemical coipbination is effected in the blood, attended with 
the customary disengagement of heat. I should add, howeva:, that animals 
farther create heat by another process purely mechanical. When a man, for 
instance, goes down stairs, his body is displaced and falls, as it were, from a 
small height; he displaces it anew, again falls, and continues doing so. Now, 
each of these little descents creates heat, like the fall of every heavy body which 
does not rebound. One of our most distinguished savants, M. Him de Colmar, 
has succeeded in measuring the heat thus produced, and finds that it very com- 
petently satisfies the general law. 

I might also speak of the heat disengaged by vegetables, at certain epcx^bs, 
when their organs are the theatre of intense chemical reactions ; at the same time, 
I should say that it is much rather their r61e to consume heat than to produce it, 
and that in this the functions of vegetable life are made to compensate thoee of 
animal life. But I am about to transport my audience into other regions^ in 
essaying to lift a comer of the veil which renders them so mysterious. 

The grand and most wonderful source of heat is the sun. The genius of man, 
bursting at a bound its terrestrial shackles, has long since overleiaped the dis- 
tance which separates us from that marvellous luminary. It has measured, it has 
weighed it, and we are to-day very remote from the time when men bowed in awej 
before it as before a divinity. Taking as a guide the observations condnoted by 
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H. Pouillet, we find that the son disengages in a year a qaantity of heat capable 
of melting a covering of ice 1,500 leagues in thickness, which might envelop 
a globe one million foar handred thoosand times larger than the earth. 

How are we to explain this enormoos prodnction of beat t Is it the result oi 
a combustion analogous to those whidi take place on our hear^t To be con* 
vinced of the impossibility of such an origin, it suffices to know that if the sun 
were a globe of charcoal burning in oxygen, it would be consumed in 5,000 
years. 

The new theory of heat has led to an hypothesis which satisfies the mind up 
to a cerUun point. The universe is filled, with bodies called asteroids, which 
gravitate under the control of undiscovered laws. It is they which produce the 
shooting stars and meteorites. Now, it is easily conceivable that such bodies may 
fall regularly upon the sun and create heat by the impact. It has been calcu- 
lated what would be the mass of asteroids capable of thus producing the solar 
heat, and it has been found that it would form in a year a simple stratum of 20 
metres (21.872 yards) at the surface of the sun It would, at this rate, require 
more than a million five hundred thousand centuries for the diameter of the solar 
disk to appear doubled. Our instruments of astronomy are not sufficiently sensi- 
tive to enable us to observe an augmentation so slow ; thus the h3rpothe8is does 
not stand in opposition to facts. We should not forget, however, that all this is 
conjecture, nor can wo plume ourselves on having discovered the cause of the 
phenomena which have been observed. 

After the solar heat, it remains to speak of the terrestrial heat, of which we 
have striking manifestations in volcanic eruptions, in the geysers, those gigantic 
eruptions of boiling water which are met with in Iceland, to say nothing of the 
tranquil indications of artesian wells. The laws of these phenomena are not in 

feneral completely known, though that of the geysers has been artificially repro- 
uced apon the ingenious theory of Bunsen. What shall it be said is the origin 
of this terrestrial heat t Evervtbing would lead us to believe that the earth was 
primitively an incandescent fluid mass, and thus its condition would be analogous 
to that of the sun. An incessant fall of cosmioal matter would maintain its heat 
and gradnally enlarge its mass. Some time or other this supply has failed, and 
the globe, in cooling, undergone solidification at the surface. Then only did it 
become the earth. 

Thus it will be seen that the generation of heat by the destruction of move- 
ment will serve to explain the production of heat in chemical combinations, in 
the Voltaic circuit, in the organs of living beings — nay, it will furnish no improb- 
able hypothesis of the origin of solar and terrestrial heat. Are we not tempted 
hence to conclude that heat is likewise a movement f We thereby associate the 
connection we have observed with a ^eat and more general principle than the 
preceding, that qf the conservation cf energy,' In virtue of this principle, if 
movement ceases in one body, it commences in a neighboring body, so that noth« 
ing is lost; all the phenomena of the material world result from an exchange of 
movement between bodies, one gaining what the other loses.* There is nothing 
which seems to oppose itself to this generalization ; it ofiers us a picture of what 
we learn by the senses, and by accepting it as a law, we yield to the sentiment 
of unity which the Creator has implanted in our souls. But we should be cir- 
cumspect ] we must not allow ourselves to be swayed by imagination, nor sur- 
render reason to the seductive creations of our own invention. 

The generation of heat may be a transformation of movement, but what is the 
intermediary of that transformation ? In order to raise the veil which conceals 
from us the mystery of creation, is it sufficient to say that matter transmits 

* The statement requires limitatioD. It cannot be said that the motion or energy of a 
cannon ball is all transferred to the side of the ship which it penetrates — a large part is 
expended in making the hole, another portion in proancing the noise of the p$rcussion. and 
the remainder in generating heat.-J. h. ^ ,g.^.^^^ ^^ GoOglc 
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movement to matter, and to ima^e a spedes of movement constitatiiig heat? 
Never did savant, who had painfally learned to observe what Buziofrnds him, enter- 
tain that thonght. For him, the oanse of heat is of the same order with that of 
the fall of bodies to the sarface of the earth. It is a force, an abstract principle, 
which it is not his mission to fathom. And if, having become philosopher, he 
aims to ascend higher in the scale of caoses, he must advance with an extreme 
sagacity, under the penalty of enconntering the most mortifying failures. Few 
men are endowed with those qualities of mind which are congroons to the phi- 
losopher, and those who carry into this ragged enterprise the science and the 
modesty of the sage are apt to anive, in their condnsionsi at pzindpleB of the 
purest spiritualism. 
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PRINCIPLES OP THE MECHANICAL THEORY OP HEAT. 



By Db« Job. MCller, 
Profiaser of Phffiiea in th$ Vmveniig of Fmburg, in Bftme. 



[COimUKICATIO BT THE AUTHOR, IN OSRMAN, TO THE SHITBSONIAN IVSTITimON, FROM HIS IXHRBUCB 
DXR PHTSDC, AND ACCOMPANIED BT BIS ALTERATIONS AND CORRECTIONS. ] 

I. — ^DBYSLOPMENT OF HBAT BY MXCHA27ICAL M3EAKS. 

It is well known tbat by compression of the air heat is disengaged; and under 
certain circumstances, as, for example, by means of the fire syringe, may be ren- 
dered so considerable as readily to kindle combustible matter. Such develop- 
ment of heat, however, also takes place through the compression of a solid body. 
To how high a degree the hardest bodies may be heated by violent compres- 
sion may be observed in the hammering of metals and the coining of money. 

But among all mechanical means of generating heat none is more available 
than friction ; and it is this which is almost universally employed when fire is 
to be provided anew. Every one knows that, for this purpose, uncivilized tribes 
make use of two pieces of wood — Fig. 1, for example, shows an arrangement of 
which the Dakota Indians avail themselves. A staff, a b, of hard wood, about 




six inches long and somewhat sharpened at both ends, is inserted in a smaU 
cavity of the board A, is pressed on the upper end by the board B, and, in the 
manner represented in the figure, is thrown into rapid revolution. As soon a6 
fire makes its appearance, a piece of tinder, applied by a second person, effects 
the desired purpose. The kindling of fire by steel and flint depends likewise 
on the application of heat, developed by attrition, which suffices to kindle to a 
glow some of the small detached particles of steel, and the now widely-employed 
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friction matcb derives its great utility from the heat supplied by a slight rablnng 
of the kindling matter. 

The first scientific experiments on the development of heat by friction were 
those which Count Rumford instituted in the cannon foundry of Munich, {GU- 
berfs annal, xii, p. 554.) In order that the muzzle of the cannon, which in 
founding is uppermost, may not become porous, a massive cylindrical piece of 
metal is cast thereon, usually called " the rejected head,'' {der verlorene Kqpf, ) 
In one experiment Count Rumford inclosed the rejected head of a six-pounder 
in an oblong wooden box, open at the top and filled with water. Through one 
end of this box was passed, water-tight, the narrow neck which united the head 
to the cannon ; and through the other, also water-tight, the stem of a steel borer. 
The cylindrical head was 9.8 inches long and 7.75 inches in diameter. The box 
was charged with 18f pounds of water ; the anUngement being horizontal, the 
cannon and the attached head were made to revolve by horse-power at the rate 
of 32 revolutions per minute, the borer, at the same time, being pressed against 
the end of the head. The temperature of the water was raised after one hour 
41** C. ; after one and a half hour, 61** C. ; after two hours, 81** O. To 
the wonder of the spectators the water, at the expiration of two and a half 
hours, was actually boiling. The cylinder and the spindle of the borer were 
also heated to the same temperature. During the two and a half hours 4,145 
grains (about 17 half -ounces) of metal shavings had been turned out. 

The experiment not being easily repeated in the form above given, a very 
elegant and commodious apparatus for exhibiting the same result has been 
devised by Professor Tyndall. On the axis of rotation of a small wheel (driven 
by a large one) is screwed a glass tube a, (Fig. 2,) open above and closed below, 
and having a length of about 12 centimetres, with a diameter of rather more than 
two centimetres. This tube is not quite filled with water, and is held firmly 




between tVrO boards of hard wood, provided with semi-circular grooves, the boards 
being connected by a hinge on one side, and on the other pressed against the tabe 
with the hand. If the fly-wheel be now thrown into rapid rotation, so strong' a 
friction is exerted upon the circumference of the tube that the temperature of the 
water is quickly raised, as may be easily shown by a thermometer, and finally 
attains the boiling point. If the tube be made air-tight, with a cork not too 
firmly fixed, the latter will be thrown out through the elasticity of the enclosed 
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vapor. Should the ezperimenfe reqaire too mach time, the tube may be at first 
fllkd with warm water. 

Sir. H. Davy sacoeeded in melting two pieces of ioe by rabbingthem together in 
a space exhaasted of m and cooled below the freezing point, while Mayer first 
showed (1842) that heat is developed by the friction of water against solid bodies, 
having, by simple agitation, raised its temperature firom 12^ G. to 13^ C. (AnnaL 
der Chem. und Pharm.j May, 1842.) 

n. — ^THB NATUBB OF HEAT. 

As regards the explanation of the phenomena of heat, two contrary hypotheses 
have stood, from an early period, in opposition to one another. According to the 
one, these phenomena proceed from an imponderable element, which, filing up 
the intervals between the sepamte atoms of matter, operates as a repulsive prin- 
ciple. Through an augmentation of the particles of heat in a body, its tempera- 
ture is raised, its constituent atoms still farther separated from one another, and 
thus its volume increased, while cohesion becomes more and more enfeebled and 
the conditions of aggregation are changed; solid bodies melting, and fluids 
passing into vapor. This mode of explanation has, till the most recent times, 
formed the basis of the doctrine of heat as presented in most popular works on 
the subject, without any positive assertion however, as to the correctness of such a 
theory. It was employed, in the interim, for want of a better, in order more easily 
to combine the vanous phenomena of heat under a common point of view. 

The hypothesis of which we speak, namely, that the phenomena of heat result 
from the quiescent presence of an imponderable calorific element, and which, on 
that account, we will call briefly the material theory, stands opposed to another, 
according to which heat is the result of a vibratory motion of the minutest par- 
ticles of bodies, and which thus refers the explanation of the phenomena to 
mechanical principles ; on this account we shall designate the latter in our further 
discussion of those principles as the mechanical theory of heat. It was long ago 
said by Locke that '^ heat is a most active concussion of the imperceptibly small 
particles of a body, which produces in us the feeling we term warmth ; the cause 
of our perception of heat is, in realitv, therefore only a motion." There is nothing, 
in fact, which argues more conclusively in favor of the mechanical explanation 
of the phenomena of heat than its production through mechanical forces, aa 
exhibited in preceding paragraphs. Certainly, neither the experiment of Bumford 
nor that of Davy gives the smallest countenance to the conduction of calorific 
matter from without. 

The adherents of the material theory sought to explain the development of 
heat by the agency of compression, on the assumption that the capacity of bodies 
for heat decreases with their density, whence a body, when its density is increased, 
must give out heat. The difference between the specific heat of gases under 
constant pressure and with constant volume seemed to argne in favor of this 
hypothesis till Regnault had proved that^the specific heat of a given weight of gas 
is independent qf its density. With regard to the development of heat by friction, 
the material theory endeavored to account for it by assuming that friction is always 
attended by a corresponding compression, and by the diminution of specific heat 
thereby occasioned. But more exact investigation showed that the specific heat 
of the shavings, which fall away from the cannon in boring, differed not sensibly 
from that of the metal before the boring ; while in the experiment of Davy a body 
is formed, namely, water, whose specific heat is not only not smaller than that of 
ice, but is actually twice as great. Here, then, the development of heat in 
nowise admits of being referreato a diminution of the specific heat. 

Eumford, as well as Davy, had instituted their experiments with a view to 
prove the necessity of having recourse to a mechanical explanation of heat. But 
though they had certainly indicated the right course for answering the question 
as to the nature of heat, that course was, for the time at least, not followed up ; 
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not BO much perhaps becaose tho ^nerality of pbysioists had declared; in oppo- 
sition to the two English philosophers; for the material theory, as diat the scien* 
tific inqoirers of that period scarcely oocapied themselves at aU with the question. 
Still, however, the material in hand did not cease to accomalate; which, when 
thrown at a later period into the scale, was destined to give an unquestionable 
preponderance to the mechanical theory. 

The study of radiant heat had taught that every heated body in a colder 
medium sends forth on all sides calorific rays in like manner as a luminous body 
distributes rays of light. And as the luminous rays pass through air and other 
transparent bodies, without communicating to them the property of luminosity, 
so the rays of heat traverse the air and other diathermanous substances without 
imparting to them any sensible warmth. The rays of heat are then only con- 
verted into perceptible heat when they are absorbed by some body upon which 
they strike, m the same way that certain bodies (phosphorus, for instance) become 
themselves luminous under the influence of strong rays of light. 

Like the rays of li^ht, the rays of heat are propagated with a velocity which, 
in relation to terrestnal distances, may be termed instantaneous. They follow 
the same laws of reflection and refraction as the rays of light. In the rays of 
heat just such differences appear as those which, in the case of the rays of light, 
determine the diversity of colors. In a word, it is now fully recognized that the 
rays of li^ht and heat are, in their nature, identical, and that if any modification 
distinguishes them, it can only be of a quantitative natiu-e ; whence it follows 
that the phenomena of light and heat must be referred in principle to the same 
explanation. Since, then, in regard to the phenomena of light, the theory of 
vibration haa triumphantly vindicated its claims a^inst the theory of emanation, 
no doubt can any longer be properly entertained that the phenomena of heat 
also are to be referred to mechanical principles. 

A body is luminous when its several atoms oscillate with a sufficient degree 
of intensity and velocity about their position of equilibrium. These atomic 
vibrations call forth in the surrounding other an undulatory movement, by which 
the rays of light are propagated, and hence many analogies exist between sound 
and light. While sound is generated through the vibratory motion of elastic 
bodies, light arises from a far more rapid oscillatory motion of the minutest or 
ethereal particles of matter. As sound is propagated through an undulatory 
movement of the air, so is light through an undulatory movement of the ether. 
Like the diversity of tones, so the diversity of colors arises from a difference in 
the duration of the oscillations of the conducting medium. But, seeing that the 
rays of light and of beat emitted by a body in combustion are identicm, can we 
avoid the conclusion that the cause of its light and its heat is the same ; that the 
heat of bodies proceeds^ alsOj only from an oscillatory movement of its atoms f 

Perhaps it may be objected that non luminous bodies also emit heat ; that the 
sun's light, as well as electrical light, k accompanied in large proportion by invisible 
rays of heat It might hence seem that a difference exists between the rays of 
light and those of heat. But more exact investigation has shown that it is only 
a quantitative difference which is here in question. The obscure rays of heat are 
not different in their intrinsic nature from those which are at the same time lumi- 
nous; there ai*e rays which are endued with a greater amplitude of oscillation than 
the red, and whose period of vibration, therefore, exceeds the limit to which the 
organization of the eye restricts its visual perceptions. 

Thus the study of radiant heat has led to the same consequences which Rum- 
ford and Davy had deduced from their experiments on the production of heat 
by friction. But, though the majority of physicists shared the views of the two 
pnilosophers, and entertained the conviction that the emanation theory was 
thenceforth untenable, for a long time nothing further was done to bring this 
question to a decision until some 24 years ago it was again taken in hand with 
great energy and prosecuted with ardor in various quarters. The first by whom 
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this important subject was resamed, and who again recalled it to the attention 
of physicists in a treatise published, in 1842; in the Annals of Chemistry and Phar- 
macy, under the title of ObservaHons an the farces qf inanimaie nature, was Mayer, 
a practising physician of Heilbronn. 

in. — ^THB MECHANICAL BQUrVALENT OF HEAT. 

Mayer first enunciated the idea that, as a definite proportion universally exists 
between cause and effect, there must always, in the production of heat by mechani- 
cal means, be an invariable proportion between the heat generated and the 
mechanical power consumed for that purpose ; and, in fact, he thus early established, 
with closely approximate exactness, the mechanical equivalent of heat. This 
was, at a later period, still more accurately determined through the re'searches 
of Joule and Him. 

In 1843 the observation was made by Joule (PhiL Mag., vol. xxiii) that, in 
the parage of water through a narrow tube, heat is generated, and that a 
mechanic^ power of 770 foot-pounds* is consumed in raising the temperature 
of one pound of water to V F., a result which, as we shall see, is not very differ- 
rent from that obtained by compression of the air. 

Joule sought, also, to ascertain by other methods the proportion of the 
heat generated by friction to the mechanical power thereby expended. In a 
copper vessel (A, Fig. 3,) a paddle wheel, whose construction is represented 





• in Fig 4, was so disposed as to be capable of revolving around a vertical 
axis. Eight paddles of thin plate, at an angle of 45** with one another, are 
placed at the height h, eight others at the height g. They move between metallic 
plates, which are fixed to the wall of the vessel j four of 
these plates standing at right angles to one another, being 
at the height/, and four others at the height c.' 

The vessel A, which stands on a wooden pedestal, is 
filled with water, and the revolution of the paddle-wheel 
is effected, in the manner represented in the figure, by 
means of the weights B and D, which by their descent 
co-operate in communicating motion to the axis of the 
wheel, and have a fall of about 63 inches. After these 
weights had reached the floor, by withdrawing the peg $, 
the connection of the cylinder V with the axis of rotation 
of the paddle-wheel was sevened, the weights B and D were again wound up, 

* A foot-pound IB the power developed in the fall of a weight of one pound thronsh a height 
of one foot An English nnit of heat ia the quantity required to raise a pound ot water one 
degree Fahrenheit. A kilogram-metre is the power developed in the fall of a kilogram 
(2.204 pounds) through one metre. A French unit of heat is the quantity req^rcd to raise 
one kilogram of water one degree centigrade. jigitized by VjOOQ IC 
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and tbe same operataon was repeated. After this had been done 20 times the 
elevation of the temperature produced by the above means in the water of the 
reservoir A was measured, and was found to amount to nearly 0^.6 F. The 
mechanical power expended in the production of this effect is obtabed by 
multiplying the weights by the total distance through which they have fallen, 
with allowance, however, for the acceleration with which, each time, they have 
descended to the floor. 

In the mode here described Joule has conducted a long series of researches, 
and calculates, as a mean after the application of the necessary corrections, that 
an expenditure of power equivalent to 773.64 foot-pounds develops under the 
above circumstances as much heat as is required to raise the temperature of one 
pound of water 1® F.^ or, in other terms, that a unit qf heat (French) is the 
thermal equivalent qfa mechanical expendihtre qf potcer ojf 425 kihgram-metres. 

The fiiction of an iron paddle-wheel in quicksilver gave 776.3 foot-pounds, 
and the friction of cast-iron plates with one another 774.88 foot-pounds as the 
expendture of power which is necessary to raise the temperature of one pound of 
water 1** F. 

A not very different result was obtained by Joule when he compared the 
quantity of heat set free in the coils of an electro-magnet rotating between 
strong magnetic poles, with the mechanical power necessary to produce this rota- 
tion, (Phil. Mag. vol. xxiii.) For determining the heat developed in the coils of 
the rotating electro-magnet, the latter was introduced into a glass tube in such 
a manner that the interval between the magnet and the glass wall formed a ves- 
sel closed on all sides, which was filled with water. Through the heat devel- 
oped by the rotation of the electro-magnet, the temperature of this water was 
raised, and the increase of temperature carefully ascertained. In order to deter- 
mine the mechanical power required to produce the rotation, a string was wound 
around the prolongation of the axis of rotation, and the revolution of the magnet 
effected by a weight suspended to the string. From this experiment Joule com- 
puted that, for the production of an amount of heat capable of raising one pound 
of water 1^ F. a mechanical power of 838 footpounds is requisite, and thus the 
unit qf heat corresponds to an expenditure qf power qf 460 kilogram-metres. 

To the same physicist we owe an experiment for determining the mechanical 
equivalent of heat through that which is liberated by compression of the air, 
(Krdnig's Journal, iii). lAto a copper reservoir A, 12 inches in lengtli, I36J 
cubic contents, ^inch thickness of wall, by means of a compression pump screwed 
to it, air was pressed, as into the bulb of an air-gun, until an elastic force of 
nearly 22 atmospheres was attained. During this operation the copper reservoir, 
t(^ther with the pump, was immersed in a vessel which held 45 pounds 3 ounces 
of water. By 300 strokes of the piston the air in the vessel was condensed from 
1 to 21.654 atmospheres, and so much heat was thereby developed that the tem- 
perature of cool water rose 0**.-645 F. This increase of temperature, how- 
ever, did not arise alone from the compression of the air, but also from the 
friction of the piston. To eliminate this last, the tube through which the air 
had been introduced was closed, and it was found that, through 300 strokes of 
the piston, which now were not attended by a compression of the air in the 
reservoir, the temperature of the cool water was raised 0**.297 F. By this 
first experiment, therefore, on computing the results of compression of the air, 
an elevation of temperature of 0''.348 F. is given. 

After making the necessary reductions and corrections, it now resulted that 
through the compression of 2956 cubic inches of dry air, of atmospheric density, 
into a space of 136.5 cubic inches, such a quantitj^ of heat was developed as was 
necessary to raise the temperature of one pound of water 13**.628 F. This is 
equivalent to the quantity of heat reqiiked to raise the temperature of 3437 
grams of water 1® C. 
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Wig, fk 



Let 08 now seek to detennine tjbe medmnical power Which is required in 
order to compress 2956 cabio . inches of air, of atmospheric density, to a 
21.G54-fold density. For this purpose we will conceive the quantity of air 
just mentioned to be contained in a tube a b, (Fig. 5, ) which is supposed to 
be 21.654 feet long, and to have such a transverse section (11.376 square 
inches) that the contents of 
a portion of this tube one 
foot long shall be equal to 
the contents of the vessel A, 
(136.5 cubic inches) ; thus 
the above compression will 
plainly ensue if we force a 

Siston from the upper end a 
own to the point c, which 
is situated one foot above 
the bottom of the tube. If 
now lines be drawn at differ- 
ent points of the tube per- 
pendicular to its axis, and 
of a length always propor- 
tional to the pressure under 
which the included air stands, 
and if the piston be driven 
to the point c, so that the line 
g shall be 21.654 times as 
great as a /, the curve fhig, 
which connects the terminal 
points of the above lines, will 
be a portion of an equilateral hyperbola, and the hyperbolic surface ac ghj 
will represent the power which must have been employed in pressing the piston 
down from a to c. Let us denote gc hy y, h c by x, and ba by ^; thus the 




log nat- and if x=sl 



contents of the surface in question will be H=a; • y 

H=^ • log nat a/, or 

H=2.3026-y?o^a/ . . . . . (1) 
if log represent the common logarithm referable to 10 as a base. By the test of 
experiment the barometer stood at 30.2 English inches, which makes on the 
transverse section of our tube 168.5 pounds. The line fa thus represents to us 
the pressure 168.5, but g c the pressure 21.654 X 168.5«=3648.7. Let us nowput 
in equation (1) a/ =21.654 and |f««3648.7 ; we shall thus have 

H=2.3026 X 3648.7 log 21.654=11220 foot-pounds, 
as the expenditure of power which is required to compress 2956 cubic inches of air 
of atmospheric density into a space 21.654 times smaller, whereby, as has been seen 
3.437 units of heat are developed. 

Hence, according to these experiments, 3437 units of heat are the thermic 
equivalent for an expenditure of power of 11220 foot-pounds, or 1552 kilo- 
gram-metres. In order J ther^ore, to produce one unit of heat through compres* 
sum qf the air, an expenditure qf power qf 451 kilogram-metres is needed. 

For the purpose of measuring the absorption of heat which results from the 
discharge of compressed air, the vessel A, after the air had been compressed in 
it to 22 atmospheres, was placed in a reservoir containing 21 pounds of water. 
As the compressed air was now allowed to escape from tne vessel A through a 
leaden pipe, the temperature of the surrounding water was found to be lowered 
4.**1 F. With due regard to all necessary corrections, it may be hence com- 
puted that the quantity of heat which disappears by the discharge of the air from 
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the vessel is peilutps just as great as that which isdeveloped in the vessel through 
the compression of the air. In this experiment the escaping air has to overcome 
the resistance of the atmosphere, and thus to perform a mechanical work. 

In another series of experiments, to the vessel A, in which air had been com- 
pressed to 22 atmospheres, was screwed, by means of a short metallic pipe, an 
equally lar^e vessel B, exhausted of air, and after both vessels, A and B, had been 
placed in the same reservoir, holding 16^ pounds of water, a suitably adapted 
cock was opened, so that half of the air compressed in A could flow over into B. 
Through this process no observable change of temperature was produced in the 
water surrounding the vessels A and B, whence Joule draws the conclusion that 
no change qf temperature occurs when air eospands in such a way as to create no 
mechanical power. 

When the two receivers A and B were placed in separate vessels of water, a 
lowering of temperature of 2**.36 F. was observed in the vessel which con- 
tained the receiver A, out of which flowed the compressed air, while the water 
which surrounded the receiver B, into which the air flowed, acquired a nearly 
equal elevation of temperature. 

Him, also, {Thiorie mechanique de la chdleur, Paris, 1865,) has made a series 
of experiments for the determination of the mechanical equivalent of heat, among 
which we adduce that on the development of heat through the compresgion of 
lead as being distinguished at once for its simplicity and conclusiveness. 

A cylinder A, of wrought iron, 350 kilograms in weight, which we will call 
the hammer, is suspended by two pairs of strings about three metres in length, 
as is shown by Fig. 6. Opposite to this cylinder is suspended in like manner 

Fig, 8. 




a prismatic block of sandstone, of the weight of 941 kilograms, which we will 
term the anvil, and which is furnished on the side opposed to the hammer with an 
iron plate 0. Between the hammer and anvil is placed a cylindrical piece of lead 
P, having a weight of 2.948 kilograms, and supported by a light wooden holder, 
(Hclzgdbel.) Tms piece of lead is in part hollowed out in the direction of its axis. 
Its temperature before the experiment was ascertained by means of a thermometer 
temporarily introduced into the cavity to be 7®.&7. 

The hammer was now drawn back by a pulley until it reached the position A', 
and then agwn released. In recovering its position of equilibrium, it delivered 
a strong blow upon the lead, which compressed* and heated. Yet was not the 
entire living force of the falling hammer spent in the compression of the lead ; 
for, after impact, the stone block and iron cylinder were a^ain driven somewhat 
apart. According to an experiment of this kind, the height of fall of the 
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hammer was 1.166 metre ; the reooil of the same after impact 0.087 metre ^ the 
recoil of tbe anvil alter impact 0.103 metre. Hence the Uving force which the 
iron hammer had attained in falling was, 

Lssd50 * 1.166=408.100 metre-kilograms ; 
but the living force with which hammer and anvil after the blow recoiled fix)m one 
another was, 

1=0.103 (941+2.95)+0.087- 350=127-677 metre-kaogiams ; 
the living force, therefore, expended in the compression of the lead is, 
L*;=408.100— 127.677«280.423 metre-kilograms. 
In order to determine the quantity of heat which was developed through the 
compresfiion of the lead, the latter, after receiving JV- ^ 

the blow, was quickly withdrawn from between the 
hammer and anvil, and by means of two threads, 
which had been already attached to it, was sus- 
pended in the manner shown at Fig. 8. Into the 
cavity of the compressed piece of lead, 18.5 
grams of water at 0^ 0. were poured, and the tem- 
perature thereof, which very quickly became the 
same with that of the lead, was ascertained by 
means of an immersed thermometer. This tempera- 
ture was: 

4 minutes after the impact .... 12M0 

8 minutes after the impact .... 11^75 

Thus in four minutes, from the end of the fourth 

^minute to the end of the eighth, the cooling amounted to 0^.35. If wo assume, 
now, what may at least be accepted as an approximation, that the rate of cooling, 
during the first four minutes after the blow, was maintained during tbe following 
four minutes, we have 11.75 : 0.35=12.1 : x; whence results a;=0.36. Since, 
therefore, the temperature of the lead had, at the moment of compression, been 
12M0+0*'.36«:12^46,the calefftction from the blow would be 12**.46—7**.87=« 
4®.59; consequently, the quantity of heat developed through the collision is, 
4^59 • 2.948 • 0.03145+12.46 • 0.0185=0.656 units of heat, since 0.03145 is 
the specific heat of lead. 

If we divide the work spent in the compression of the lead, 280.423 metre- 
kilograms, by the corresponding quantity of heat, 0.656 thermic units, we obtain 
the work necessary for producing one thermic unit, 

?|^=427 metre-kflograms. 

Instead of this number, however, 425.2 is the result, if the cooling of tho lead 
is not calculated approximately, as above, but by exact formulas. 

rV.— BQUrVALBNCB OF HEAT AND WOEK. 

As a mean, there results, from the best experiments which have been made 
on this subject, 424 metre-kilograms as the mechanical equivalent of heat, or, to 
use a more accurate expression, the toark equivalent qf the tmU qf heat; and the 
quantity of heat A, which corresponds to the unit of work, is 

il=--L.=f0.002358 units of heat; 
424 

that is to say, the caloric equivalent of the work unit is 0.002358 units of heat; 
by the expenditure of one metre-kilogram, therefore, 0.002358 units of heat may 
be generated. ,gi^i,,d by GoOglc 
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But if heat can be generated by mediimical power, so inversdy must heat he 
competent to produce mechanical effectSy and, in fact, according to the mechanical 
theory of heat, one heat unit mast be regarded as capable of performing the work 
of 424 metre-kilograms, or, in other words, for each metre-kilogram of work per- 
formed 0.002358 units of heat must be expended. 

This equivalent results, in the first place, theoretically, if we assume as known 
the ratio of the specific heat of gases, under constant pressure and in constant 
volume, as well as the coefficients of the expansion of the gases. One cubic 
metre of air at 0^, under ordinary atmospheric pressure, weighing L 293 kilogram 
must be heated to 273^ C, if, wiUi unaltered volume, its elasticity be augmented to 
two atmospheres. But for this are required, 

273 X 1.293 X 0.1686=59 units of heat, 

sbce 0.1686 is tbe^spedfic heat of dr with constant volume. But if one cubic 
metre of air at 0**, with atmospheric pressure, be raised to the temperature of 
273° C, while, with constant pressure, it is free to expand, its volume will be 
increased to two cubic metres, and the quantity of heat necessary, therefore, is 

273 X 1.293 X 0.2377=83 units of heat, 

since 0.2377 is the specific heat of air with constant pressure. The difference, 
83 — 59=24 units of heat^ is thus necessary, over and above the increase of 
temperature, to expand the gas, under constant pressure, to double the volume. 
Let us now inquire into the quantity of mechanical work thereby performed. 
Let us conceive the above-mentioned quantity of air enclosed in a hoUow cylin- 
der, having a transverse section of one square metre, and confined above by a 
moving piston, which, at its starUng point, is elevated one metre above the immov- 
able floor. On this piston the atpiosphere bears with a pressure of 10333 kilo- 
ffraras. If the enclosed air, with unaltered pressure, be now expanded to a 
double volume, it must necessarily push the piston one metre, which corresponds 
to a mechanical work of 10,333 kilogram-metres. Thus to execute a mechanical 
work of 10333 metre-kilograms, 24 units of heat are necessary ; hence one unit 

10333 
of heat corresponds to a mechanical work of =x430 kilogram-metres, a 

result which so nearlv coincides with that obtained in the inverse way, namely, 
by conversion of mechanical work into heat, that no doubt of the complete reci- 
procity between mechanical work and heat can longer exist. 

The experiments and observations above recited have served to establish the 
proposition that '^ in aU cases m which work is produced by heat, a quantity qf 
heat proportioned to the work produced disappears or is consumed, and that inversely 
the same quantity of heat may be generated by the expenditure of an equal amount 
of work;^^ a proposition which is usually received as the first law of the mechan- 
ical theory of heat, and which, with this d^*ee of precision and generality, was 
first enunciated by Glansius. It is the proposition whkh forms the starting point 
of the mathematical development of the mechanical theory of heat, and in regard 
to it the learned have furnished us with a series of articles in Poggendoi'ff's An- 
nalen. These articles, accompanied by annotations by Friedrich Vioweg and 
son, have recently (1865) appeared at Brunswick in a single volume. 

Besides Glansius ; Holzroann, Glapeyron, W. Thomson, Rankine, and others 
have occupied themselves with the mathematical development of the mechanical 
theoiy of heat, while Zeuner may claim the merit of having collected in a clear 
and comprehensive foyvu the leading characteristics of the theory and of having 
illustrated it by manifold applications, (Grtmdsmge der fnechanischen Wdrme- 
theorie, 1st edition, 1860, 2d, 1866, Leipzig.) Another highly acceptable work 
on this important subject is the JMorie mecamque de la chale^ir, by HirA, (2d 
edition, Paris, 1865,) in which, togedier with tfaa aoalytio development, the 
experimental part is very thoroughly treated. ^.^ .^^^ ^^ GoOglc 
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In all tboso writings the meohanical theory of heat is developed, as it needs 
must be when a general and complete eolation of the problem is contemplated, 
through a certain amount of the higher mathematical analysis. In what follows, 
however, I shall endeavor to set forth at least the most important principles 
thereof in an elementary form, and, by the application of these principles to 
saturated vapors, to show some material consequences of their action. I shall 
hope, thereby, not only to communicate a right idea of the nature and significa- 
tion of the theory in Question to those who are deficient in a knowledge of the 
differential and integral calculus, but also to supply to those who may be provided 
with that learning, a sort of introduction or preparation for the more thorough 
study of those doctrinal difficulties which are apt to oppose themselves at the 
entrance upon such an investigation. But before proceeding to a nearer consid- 
eration of the grounds of the mechanical theory of heat, we will examine more 
definitely the loss qfheat, corresponding, in some particular cases, to the perform- 
ance of work. 

V. — DISAPPBABANCB OP HBAT THROUGH THE PERFORMANCB OP WORK. 

By a large number of experiments directed to the subject under consideration, 
Him has shown that in steam-enmnes a quantity of heat- disappears directly 
corresponding to the work executea, he having employed with that view engines 
<^ from 90 to 150 horse-power. The machines with which he experimented were 
of the expansion order, in which the steam, after it had operated, passed off into 
a condenser. In order to avoid errors which might arise from water being 
mechanically carried over by the engine from the boiler, or steam already con- 
densed in the expansion. Him caused the machinery to work with overheated 
steam, which he procured by means of an appropriate apparatus, whereby the 
vapors proceedinff fix)m the boiler were heated, before their entrance into the 
cylinder, to a definite temperature ascertained by a thermometer. 

The quantity of water p which entered, in a second, the vessel for evapom- 
tion, and arrived through the machine in the condenser, was ascertained by exact 
measurement of the quantity of water which, during the space of a whole day, 
was conveyed by the feed-pump into the boiler, under a uniform working of the 
machine, and with an unchanged height of water in the boiler. In like manner 
the quantity of water P immitted each second into the condenser was ascertained 
by the determination of the quantity of water of condensation discharged during 
a whole day under a uniform influx. 

The quantity of heat given up by die steam condensed during each second, 
was found in the following manner : If f be the temperature at which the steam 
is formed in the boiler, then according to Rcgnault's experiments, the whole 
quantity of heat which is contained in one kilogram of steam at this temperature 
more than that contained in one kilogram of water at 0®, is gi =606.5+ 0.305^ 
units of heat But this steam, before its entrance into the cylinder of the steam 
engine, is heated to the decree of T, whence there is further necessary for each 
kilogram of steam g^ssO.d^ — t) units of heat, if we take, as may be done with 
approximative correctness, 0.5 as the specific heat of the steam. 

The quantity of heat which this kilogram of steam loses, until it b condensed 
and cooled to the temperature of / degrees, with which the water of condensation 
leaves the condenser, is thus Qi+qn—f and hence the whole quantity of heat, 
which the quantity of steam p traversing the engine every second gives up, is 

Qi=i> (5'1+ffr-^), 

=p [606.5+0.305^+0.5 (T— 0-/]. 

If, now, no heat were consumed by the performance of work in the cylinder 
the whole quantity of heat Qi must be carried over to the condenser, and hen 
serve to raise the temperature of the condensation-water. If « be the temperatnit' 
at which that water enters the condenser, but/ the temperature at which it issues 
therefrom, then/— i is the quantity of heat which each kilogram of condensation- 



256 PRINCIPLES OF THE MECHANICAL THEORY OP HEAT. 

water takes up in t^e oondenser^ whence the quantity of heat Qs which is taken 
up, in each second, by the condensation-water is Q2==P (f—if) and thus must 
Qi^Qs if no heat be expended for the work. Bat experiment diows in fact that 
Qi — Qa iB in nowise equivalent to nothing. In such an experiment, for example, in 
which the ratio of expansion was 1 : 2, the tension of the steam in the boiler 
gave a result equal to 4.5 atmospheres, and thus ^=148^.3. Also, 
T— ^=9r.7 

^srO.34554 kilograms. P=:5.84004 kilograms. 

/=r 37^28 t=:5M 

whence results, 

Qi:=228.16 02=187.82 

Qi_Qj=40.34 units of heat. 
There had, consequently, been 40.34 units of heat expended for the work 
done, while the net effect of the machine was found, bv Prony's dynamometer 
equal to 11260 metre-kilograms, and hence there results for one unit of heat 
consumed 

11250 
* '^ ss278 metre-kilograms, 

as the practical or net ^ect 

By another experiment with the same machine, in which die ratio of expan- 
sion was 1 : 6^ the following values were given : 

^=:152^2 T— te93^ 

i>ss0.23548 kilograms. P=5.8718 kilograms. 

/=:2^605 l=3^2 

whence there results 

Qi—Qj=158.81— 123.3=30.51 units of heat,- 

while the net effect of the machine was found equal to 8700 metre-kilograms, and 
thus, for one unit of heat consumed, there results 

-- =285 metre-kilograms. 

Thus it will be seen from these premises that not only is there really a con- 
sumption of heat for mechanical work, but also that the practical effect of steam- 
engines is very nearly proportional to the loss of heat. 

We might, from these investigations alone, calculate the mechanical equivalent 
of heat, if the practical effect measured were equal to the whole work done 
by the steam. Let us suppose now that the net effect of the machine amounted 
to about 70 per cent, of the entire work cfone by the steam, and we shall 
have, as the mean of the two above experiments, the mechanical equivalent of 
heat equal to 400 metre-kilo^ams. 

In like manner Clausius derived from a great number of experiments, which 
were conducted with steam-engines by Him, the number 413 as the mean vahie 
for the mechanical equivalent of heat. Now, if we assume the mechanical 
equivalent of heat equal to 424, it would result from the two experiments, whose 
details have been given above, that the practical effect of these machines amounts 
to about 66 per cent, of the whole work done by the steam. 

Every process which is of a nature to produce heat can also perform mechani- 
cal work; but such work is always attended by a corresponding consump- 
tion of heat, or, in other words, the quantity of heat produced by a definite 
Erocess suffers a corresponding diminution, if together with the generation of 
eat mechanical effect is pr o duced. This proposition is well illustrated by the 
electro-magnetic motor. When an electric current traverses the metallic coils of 
a magnetizing spiral, the wire is heated, and the heat produced, in a given time, 
in the whole circuit is expressed by the equation 

t/,— . . ib J?»I Digitized by Google 
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where $ indicates the qaantity of the current, I the total resiBtance of the 
oiroQit, and k a constant fitustor. The quantity of heat produced, however, is, 
under like conditions, always proportional to the consumption of zinc in the 
battery, (local action being of course disregarded.) Were the conducting wire, 
for instance, so much lengthened that the whole resistance of the circuit would 
be doubled, and thus raised to 21, the quantity of the current and consumption of 
zinc would be thereby reduced to half, but the heat produced by the current 
would be 

Thus with the quantity of current and consumption of zinc, the production of heat 
also would be reduced to half. 

Quite otherwise is the result when the diminution of the quantity of the current 
is produced, not by the augmentation of the resistance to conduction, but by the 
expenditure of power. 

In a previous section of this work it has been seen that the strength of the 
current, which traverses any. electro-magnetic motor in a state of repose, is instantly 
reduced when the motor begins to rotate, and that the current becotnes weaker 
as the rotation is more rapid. Let us suppose that the burden of the machine be 
so regulated that the strength of the current of the rotating machine be just 
half as great as in that at rest, then, with the quantity of current reduced to hal^ 
the consumption of zinc will also be reduced to half; but the production of heat 
will have decreased in a quite different proportion. Since now the strength of 
the current is i 8, but the resistance the same as in the machine at rest, namely, 
I, we shall have as the quantity of heat produced 

Thus the zinc consumption reduced to half produces onlv a quantity of heat 
reduced to one-fourth ; a part qf the sdnc-cansumpUonj ther^ore, is not emphj^ in 
the production qf heat, but in the pefformance qf mechanicdl work, or, in other 
\^ords, for the quantity of heat ^ «;, an equivalent mechanical work has been 
performed. 

We observe a similar state of things if we investigate the performance of labor 
by human or animal forces. Animal heat, we know, is generated by a slow com- 
bustion, kept up through the process of breathing. For the oxygen which we 
inspire, carbonic add and vapor are exhaled ; with every breaw, therefore, a 
definite quantity of carbon and hydrogen leaves the body, and the corporeal 
mass must necessarily undergo a corresponding diminution ; a diminution which, 
if not determinable by weight for every breath, is readily so for an interval of a 
few hours. This loss of mateiial :n the process of breathing is replaced through 
the reception of food. 

But the proportion between the production of heat and the consumption of 
corporeal matter is quite different, according as the person remains perfectly at 
rest, or is engaged in the performance of borne more or less considerable labor. 
The production of heat and consumption of oxygen, and, consequently, the bodily 
diminution of weight, are at a minimum, if the individual continues for some 
time sitting or lying in complete inactivity. If he perform, on the contrary, some 
strenuous labor, both tfie consumption of oxygen and the reduction of weight 
will be found in the same space of time to have been much more sensible. 
Through the accelerated breathing and more rapid pulsation the production ol 
heat in the body is undoubtedly augmented, but it results from the principles of 
the mechanical theory of heat that the development of warmth cannot be taken 
as directly proportional to the consumption of oxygen, but that the increased 
interchange of matter in the body serves only in part for the production of heat, 
while tlie rest has been spent in the pi^ucing mechanical e^t 

The correctness of this proposition has been verified by Him^ a series of* 

J7 g jigitized by VjOC 
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Garefally oondooted experiments. With this view be occapied a small hermeti- 
cally-olosed chamber, constracted of deal-boards, and lighted by a glass window, 
the eontents of which chamber measured abont foor cabio metres. At one end 
of this stracture was a chair on which he sat when oocopied with the develop- 
ment of heat under conditions of repose. At the other end was a tread-wheel, 
the axis of which passed, bat so as to be air-tight, through the wall, and was 
connected on the outside with such an apparatus that by the turning of the 
wheel a mechanical work was executed. The quantity of this labor performed 
at each revolution of the wheel is manifestly equal to the lifting of the bodily 
weight of the experimenter to a height represented by the circumference of the 
wheel. By means of a counter adapted to the axis of the tread-wheel, the 
number of revolutions in a given time could be counted, while the quatitity of 
external mechanical work done in an hour could be determined with groat 
accuracy. 

Before the mouth of the experimenter a valve apparatus was attached, from 
which a caoutchouc tube was carried to a gasometer which furnished the sdr 
required for breathing, while a second tube of like material passed to another 
gasometer which received the exhaled gases ; these, as well as the air inhaled, 
were carefully analyzed. The chamber was placed in the midst of a larger 
apartment, the temperature of which varied but little and slowly. Sensitive 
thermometers gave the temperature of the air both without and within the cham- 
ber. If, during repose or labor, the interior thermometer had become stationary, 
its indication was noted, and the valve apparatus placed before the mouth, so 
that the consumption of oxygen during an unaltered condition of the experimenter 
might be ascertained. 

It is clear that if the interior thermometer ceased to rise, the loss of heat in 
the chamber through its walls had become equal to the quantity of heat which 
the experimenter developed. By a series of preliminary experiments, Him had 
determined what quantity of heat must be developed within the chamber, in 
order to maintain within and without definite differences of temperature. With 
this view a flame of hydrogen gas, supplied by a constant stream, was suffered 
to bum in the interior of the chamber. For a definite magnitude of the flame, 
when the condition of equilibrium is attained, a determinate difference of tem- 
perature within and without the chamber is established -, and when the quantity 
of hydrogen consumed in a given time is ascertained, we can calculate what 
quantity of heat has been developed in that time, since we know how many units 
of heat are developed by the buming of one gram of hydrogen, (§ 277.) From 
the repetition of these experiments for different sizes of name, Him obtained 
the empirical law on which depends the excess of temperature in the interior from 
the quantity of heat there developed, and he could thus deduce, in later experi- 
ments, from the observed difference of temperature the quantity of heat developed 
by the experimenter. 

When, during such an experiment. Him occupied the chamber, he found that, 

with absolute rast of his person, 29.65 grams of oxygen were consumed in an 

hour, while the development of heat during that time amounted to 155 units of 

155 
heat, {ccUories,) being , or 5.22 units of heat to one gram of oxygen. 

When, on the other hand, the experimenter labored on the tread-wheel, so 
that the work done in an hour amounted to 27448 metre-kilograms, the con- 
sumption of oxygen in that space of lime was 131.74 grams, while the quantity 
of heat develop^, as indicated by the thermometer, amounted to 251 units. 

In the state of rest, however, the 131.74 grams of oxygen consumed would 
be 131.74 X 5.22=687.68 units of heat, and thus 436.68 would be exhibited 
more than had in fact been developed; but instead of the vanished 436.68 units 
of heat, work had been done, partly without, on the tread-whe^l, and ^partly 
within, in the or^pmism itself. jigitized by VjOOQIc 
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In a second experiment the external work done amounted in an hour to 
20750 metre-kilograms, while 112.2 grams of oxygen were consumed, and 255.6 
units of heat produced. These 112.2 fframs of oxygen would, in a state of 
rest, have afforded 585.7 units of heat; uius 585.7 — 255.6=:330.1, and, oonse- 
quently, 330.1 units of heat more than the experiment shows. These 330.1 units 
of heat have been hence expended in mechanical work; but the quantities of heat 
consumed in both experiments for mechanical work, 436.68 and 33Q.1 stand, in 
fact, in relation to the external work done ; for, from the proportion 

330.1 : 436.68=20750 : x 
results a:=27450, \yhich coincides quite nearly with the observed number 27448. 

A strong horse, when he remains standing at rest in a stable, is amply nourished 
with 7.5 kilograms of hay, and 2,b kilo^ams of oats, which, together, contain 
4 kilograms of carbon. But as soon as the horse is put to work this amount of 
nourishment does not suffice; it is necessary, if he is to be kept in good condition, 
to add 5.5 kilograms of oats, which contain 2.2 kilograms of carbon. On a day 
of work, therefore, 6.2 kilograms of carbon are supplied to this animaFs body. 

As the power of one horse executes, in a second, a work of 75 metre-kilograms, 
the work done in 8 hours equals 75 • 60 ' 60 • 8, or 2,160,000 metre-kilograms, 
According to the experiments of Favre and Silbermann, by the oxidation of one 
kilo^m of carbon 8080 units of heat are developed, which corresponds to a 
mechanical work of 8080 * 424, or 3,425,920 metre-kilograms. Hence the day's 
work performed by a horse, 2,160,000 metro-kilograms, corresponds to a consump- 
tion of 

|1|2?^=(T.63 kilogram of carbon. 
3425920 ^ 

Of the nutriment, therefore, supplied to the horse's body for a dajr's work, namely, 
6.2 kilograms of carbon, only 0.63, being about ^, is expended for the perform- 
ance of mechanical labor, the rest being partly used for the sustentation of animal 
life, for the production of heat, and in part passing unoxidized through the body. 
According to Boussingault only 65 per cent, of the carbon introduced into the 
body is oxidized, while 35 per cent, is given off unconsumed. Of the four 
pounds of carbon, therefore, which the horse at rest takes for his daily nourish- 
ment, only 2.6 pounds, and of the additional 2.2 kilograms of carbon allotted for 
days of labor only 1.4 kilogram arrive at oxidation in the body of the animal. 
Hence in a day of rest there are produced in the horse's body 8080 • 2.6=21008 
units of heat. Of the 1.4 kilogram of carbon, further oxidized on days of labor, 
0.63 are consumed in mechanical work, while the remaining 0.77 kilogram 
(1.4—0.63) go to supply the increased heat production of 8080 * 0.77=6221 units. 
Thus on a day of work the heat developed in the horse's body ascends to 27229 
units, while only 8080 * 0.63=5090 units of heat are converted into work. 

VI. — ELEMENTS OP THE MECHANICAL THEOBT OP HEAT. 

If we conceive heat to be a molecular movement, the temperature of a body 
is to be taken as proportional to the vis-viva inherent in the material atoms 
which move in some way, perhaps vibrate around their position of equilibrium. 
An increase of temperature consists, therefore, in an augmentation of this vis-viva, 
and hence in an enhanced velocity of the molecular movement. 

Not all the heat, however, added to a body contributes to the raising of its 
temperature ; and hence not all the heat added to it is employed in the augmenta- 
tion of the active vis- viva of its molecular vibrations, for a part of the heat may, 
under conditions, be consumed in order to overcome the molecular forces which 
exert an action between the several atoms of the body and present an impedi- 
ment to their free movement. This last heat, which Glausius denotes as that 
consumed in internal work, is usually called latent heat r^^^/^T^ 

' "^ Digitized by VjOOQIC 
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If we designate the free heat of a body by T, the latent beat, which it may 
contain, by L, the whole quantity of heat in the body will be U«=T-|-L. 

W. Thomson has proposed for this quantity, first introdaced into the doctrine 
of heat by Glansias, the name of energy qf the hod^; bat Clausins has recently 
designated the two components of U as store of heat, T, ( WarmeinhdU,) and 
store of work, L, (WerhinhaU.) 

If now so much heat be added to a body of the temperature t and the volume 
V, in which the collective quantity of heat, U, (energy,) is contained, that its 
temperature be increased by tf°j its volume by 1/ cubic metres, and the quantity of 
heat contained within it by U^, it will not answer to ascribe to it this quantity of 
heat U', because throuffh the simultaneous expansion of the body by t/ an external 
work has been done which consumes a corresponding quantity of heat 

If p be the pressure under which the body stands, then the external work 
which corresponds to the enlargement of volume t/ will be p v', supposing the 
pressure p to remain unaltered during the whole expansion ; but the quantity of 
heat corresponding to that work is w=Ap t/. Thus the quantity of heat which 
must be supplied to the body in question in order to increase its temperature from 
t to t+f, its volume from v to v-fi/, and the heat contained in it from TJ to 
U+U' is, 

2=U'+Ai)i/ .... I 

an equation which corresponds to the differential equation 

d(i^d\J+Apdv . . . la 
in which d Q designates the very small quantity of heat which must be supplied 
to the body, in order for the interior heat of the body to undergo the small aug- 
mentation d U and its volume to be increased by the small magnitude d v. 

The equation I or rather a differential equation corresponding to it, is the 
mathematical expression of the first law qf the mechanical theory qf heat. By 
the help of this equation we can calculate the quantity of heat which disappears 
through a given change of volume of a body submitted to a given pressure, pro- 
vided we know the whole work done thereby j which is, however, only the 
case when we have to do exclimvely tvith external work without the accession of 
any internal work proceeding from molecular forces, and which evades a direct 
measurement. The firat law, thei*efore, of the mechanical, theory of heat suffices 
only for the solution of correspondent problems when in the m&gnitudei U' of the 
equation I or in d U of the equation I a an internal work is not comprehended, 
a condition which is only satisfied by bodies of a completely gaseous form. 

The following examples will illustrate the application of Sie first law of the 
mechanical theory of heat to gaseous bodies. In a hollow cylinder, (Fig. 9,) hav- 
ing a transverse section of one square metre, is situated 
at the distance of one metre from the bottom an easily 
movable, but air-tight, piston K; the space of one 
cubic metre, shut in by this piston, is filled with atmo- 
spheric air at 0°, while the pressure of the atmosphere 
weighs on the piston ; and hence the total pressure which 
tends to sink the piston is 10333 kilograms. 

If this mass of air, the pressure unchanged, be heated 
to 273** it will be expanded to double its original vol- 
ume; the piston, during this expansion, will be thrust 
one metre higher, and thus be brought into the position K'. 
The work so done is 10333 metre-kilograms, and 
the quantity of heat. Apt/, consumed in doing this 
work is, in that case, 

-——-=24.37 units of heat. 
424 

The total heat, q\ which must be supplied to a cubic 

metre of air at 0^ and under atmospheric pressure 



Fig. 9. 
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(1.293 kilograms of air) in order to raise it to a temperature of 273^, while, with 
piessore oncbanged, it is eicpanded to doable its volume, is 
273 • 1.293 • 0.2377=83 units of heat, 
Binco the specific heat of the air under constant pressure is equal to 0.2377 } 
hence we have 83=U'+24.37, or U'=83— 24.37=68.63. 

Thus, of the 83 units of heat which we supply to the 1.293 kilogram of air, in 
order to raise its temperature from 0® to 273®, while with unaltered pressure it 
undergoes expansion to twice its original volume, 58.63 units of heat have gone 
over into this air, while the remaining 24.37 units of heat were expended in 
doing the work involved in its expansion. In order, then, to raise the tem- 
perature of 1.293 kilofframs of air from 0** to 273*^, while the volume qf the air 
remains unaltered^ and so no external work is done, only 58.63 units of heat 
are necessary. The specific heat of the air under constant pressure stands, there-^ 
fore, to the specific h^t of the air under constant volume as 83 : 58.63, or as 
1.415 : 1 } while this ratio has been found, in another manner, to be as 1.421 to 1. 

We have here supposed the mechanical equivalent of heat to be known, and from 
this derived the ratio of the specific heat of the <ur under constant pressure and 
constant volume, while in § 4 the inverse process was followed, inasmuch as we 
assumed this last ratio to be known, and from thence derived the mechanical equiv- 
alent of heat. 

The quantity of heat q which must be supplied to a body in order to raise its 
temperature from t to. t+t', to increase the heat contained in it from U to U+U^, 
and to enlarge its volume from v to i)^+t/, is by no means the same under all 
circumstances ; for, with a like condition at the beginning and the ending, the 
work done during the transition from the first to the last may be very 
different. The equation I is properly constructed only for a special case 3 for the 
case, namely, in which the pressure p remains unaltered while the volume of the 
body enlarges from v to v+t/. When the pressure p is variable the equation I 
can only so long be recognized as valid, as the augmentation 1/ of volume is 
small enough to be regarded as the differential of space ; as is the case with 
the differential equation I a corresponding to the equation I. 

But when, with a variable value of p, the enlargement of volume t/ is some- 
what considerable, the work done during the expansion from v to i;-{-i/ can 
no longer be expressed simplv by the product pv'. Here the case presents itself 
^when a higher method of calculation must indispensably be put . in practice, if 
'the object be an exact expression for the work done. With elementary 
expedients we can, in such cases, only attain, by special calculations, to approxi- 
mative values. 

Let us proceed, in order to make this more intelligible, to the consideration of 
a special case. We have above calculated the quantity of heat q which is requisite 
to raise a cubic metre of air of 0^ and sustaining atmospheric pressure, to 273^, 
while the air expands under an unvarying pressure to double its original volume. 
Here is the final condition : two cubic metres of air of 273^ temperature and an 
elasticity of one atmosphere. The same final condition can, however, be also 
reached, beginning with the same incipient condition in another manner. Let 
the piston (Pig. 9) be again in its original position K, and, under it in the cylin- 
der, one cubic metre of air at 0^ sustaining atmospheric pressure, the burden of 
the piston being thus 10333 kilograms. If this weight be now slowly and regu- 
larly diminished to one-half, the air will gradually expand and push . the piston 
upwards; thus there should, in the first place, be so much heat supplied to the 
air that, with an unchanged temperature of 0^, the piston is heaved upwards one 
metre, and the volume of air therefore doubled. 

The quantity of heat necessary for this is only to be determined by higher 
processes of calculation, but an approximate value may be obtained in an 
elementary way. Let us conceive the pressure jp, which weighs upon the piston 
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when it occupies the position K, to be not constantly diminishedy but to be with- 
drawn at suitable intervals, each time some -- Py the pressure bearing upon the 

piston will then conform to the succession of values exhibited in the first colomn 
of the following table under D : 



17 
20' 



20 '^ 



19 
18 
17 



11 

10 




17.18 



20 
12. ll' 

20 



10. IK 



kl> 



a" 
k" 



A" 



If we denote by I the height of the piston above the floor, when it occupies its 
position at the commencement, it will ascend by the succession of diminished prem- 
ur&s to the respective heights indicated in the second column. The beig'ht, 
therefore, through which the piston rises at each succeeding diminution of press- 
ure has the value riven in the third column under h. 

Without sensible error, we can now assume that the pressure of the enclosed 
mass of air acting upon the piston from beneath remains unaltered daring its 
ascent through one of the heights indicated in the third column under h. For this 
pressure we may assign, as a first approximation, the value of D, standing in the 
first column in the same horizontal row, which we must multiply into the cor- 
responding value of h, in order to obtain the value of the work which is done 
in the ascent of the piston through one of the divisions in question. The 
products thus obtained are grouped together in the last column under hD. 

The total work which is done while the piston rises, under the indicated 
circumstances, from K to K^, is therefore the sum of the values exhibited in the 
last vertical row of the above table, namely, 

Vll 12^13 14^15^16^17^18^19^20/^ 
The sum of the fractions standing between parentheses, which is most readily 
obtained if they be changed into decimal fractions and then added, is 0.668^ and 
since jp» 10333, while Hs 1 metre, there results for the total work I/=0.668- 
103333=690:3 metre-kilofframs. 

This value of the totid work is, howeyery manifestly too small 3 for we have 
multiplied each of the heights consigned to the third column into the pressure 
which acts against the under surface of the piston when it stands at the opper 
end of the corresponding division. If we multiply each of the values of h into 
the pressure which acts against the piston when it is at the lower end of the 
division, the result will be 

1,1,1,1,1,1.1 1\,,7. . 
r+T5"T- 1 o"T- T7+ r^T" 1-^+ 1 7+ 1 ft + igyixyoQle 
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h^ce I/^=0.718jpl, or pattiiig for p and I their numerical valae, I/'=x0.718. 
10333 ss 7419 metre-kilograms. Bat this value is evidently too great ; the true 
value of the tot^ work L is, at any rate, very nearly equal to the mean between 
1/ and I/' J hence 

j^J^J^^+''^^\or L-TieOmetre-kilogranu,; 

and the quantity of heat necessary for the performance of this work is, 

«/«Ji=Zi^«16.8. 
424 424 

The exact value of V}^ is found by equation fl) in § 3, if we take y*sl0333, 
and of ^2 ; the result is then L=2.3026 • 10333 • log 2=7153 , a value from which 
that obtained above in an approximative way differs but inconsiderably. 

When, now, the piston has become fixed, so that no further expansion of the 
air is possible, 58.63 units of heat are necessary to raise the temperature of the 
included air from 0° to 273°, whereby its elasticity also is enhanced from one- 
half to one ittmosphere. Thus the final condition of the air is exactly the same 
as in the case above considered, in which the air expanded under a constant 
pressure. The quantity of heat, however, requisite for the attainment of the fin^ 
condition in question is, in the last case, only 58.63 + 16.88«=:75.51, while in the 
first case it was equal to 83. 

Thus the quantity of heat which must be supplied to a body, in order that, 
starting from a given condition, it shall pass over into a determinate final con- 
dition, is by no means an invariable magnitude, but is dependent on the magni- 
tude of the mechanical work which is done during that transition. 

Vn. — ^APPLICATIOIT OF THB MECHANICAL THBORY OF HEAT TO AQUEOUS 

VAPOES. 

Suppose that at the bottom of a hollow cylinder, of which the transverse section 
is one square metre, there is a litre of water at 0°, and ^^, jq. 

that directly upon this is placed a piston on which a 
pressure J? is exerted, (Fig, 10.) This pressure^ is that 
which is equal to the elasticity of the saturated vapor of 
^G. The table on a following page, contains, accord- 
ing to Regnault's experiments, the values of p for the 
temperatures given in the first column, p being the pres- 
sure which tne saturated vapor of the corresponding 
temperature exerts on one square metre. 

Let the water under the piston be now heated from 
0° to ^**; it will thus expand to a magnitude which, for 
our present purpose, may remain unknown. There 
needs for this elevation of temperature a quantity of heat 
expressed by W=f +0.00002^ +0.0000003^3, if we take 
into consideration the variableness of the specific heat 
of water j while W=^ would be the expression, were the specific heat of water 
taken as constant and equal to one. Hence the quantity of heat to be taken as 
a unit is that which is required to raise the temperature of one kilogram (one 
litre) of water from 0® to 1° 0. During this exaltation of temperature from 0° 
to f no steam can be formed. 

But if we continue the supply of heat, the formation of steam commences, 
and the steam has forthwith tne elasticity of p ; it pushes back the piston, and 
the space made free is continually filled with fresh vapor, until finally all the 
water is converted into vapor. At this moment the end is attained ; the heat 
which must be supplied to the water of f during the formation ofn^team with 
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constant pressure^ may be denoted by r. This quantity of heat r is nsnally 
called latent heat ; for it disappears as regards the thermometer, and daring the 
whole process the temperature i remains unaltered* 

The whole quantity of heat which, under the suppositions premised, must be 
supplied to the water at O'', in order to convert it into steam at f and of the 
corresponding elasticity p, is therefore Q=W4-^* But according to Be^- 
nault's investigations the quantity of heat requisite for the object in question ia 
Q=606.5+0.306^; consequently, since r=Q—W, 

r=:606.5— 0.695^— 0.00002<»-0.0000003<5. 
Instead of this value of r, Glausius makes use of the approximate value 

r«607— 0.708^ .1) 

aocording to which the numerical values of the sixth vertical series of the sub- 
joined table are calculated, while the fifth column contains the coizefiponding 
values for Q. 

If the whole quantity of heat were exclusively expended in external work, it 
would be easy to determine, by the first law, the volume of the steam formed | 
for we should have r^Apu, and since r, A, and p are known, we might deter- 
mine from this equation the volume u of the space K K% (Fig. 10,) which is free 
m the cylinder under the piston, while one kilogram of water at f* is converted 
into steam at ^. But the matter here is not so simple. 
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I quantity of heat r, which must be supplied to the unit weight of water at 
>rder to convert it into saturated vapor at fy is known, indeed, by Regnault's 




The^_ 
<**, in order i 

experiments, but this quantity of heat divides into two parts; one part Xpu 
serves to execute the external work j»u ; it is the other part /o wnich is expended 
in overcoming the cohesion of the particles of water, and therefore in the per- 
formance of an internal work. Whence r=/)+ A|)tt. Neither p, nor A^jw, nor 
the propoHion of these two magnitudes is directly given ; in order to determine 
them, we must first seek in some way to eliminate p, as it were, that is to say, 
we must propose some operation with the vapor by which a definite external work 
is performed, while the internal work performed shall, at the end of the operation, 
be nothing. A process of this sort is denoted by the name of a drcle-procesSf 
{Kreiaprocess.) 
Let us suppose the volume w of the unit weight of water at f*, to be repre- 
y. ^^ sented by the abscissa A, (Fig. 11,) the pres- 

sure p, which is exerted thereon, by the ordinate 
A a. Let heat now be conveyed to the water 
in such wise that the vapor which is formed may 
maintain the constant temperature t In virtue 
of this the pressure p also remains constant. 
The supply of heat is to be continued until all 
the water is converted into vapor. The volume 
w will now have been changed into B=r, 
and will thus be increased by A Bs=tf ; and 
^ C since the pressure p has in the meantime re- 
mained unchanged, the external work thus performed and represented by the 
rectangle A a 6 B is equal to pu. The quantity of heat supplied during this 
formation of vapor is r. 

To this vapor we now allow, without supplying or withdrawing heat, a 
further small expansion from O B to O C, till the temperature be sunk V 
and the corresponding tension by ^. The work d thereby performed is repre- 
sented by the quadrangle BO cb; and we will denote by q the corresponding 
heat which is disengaged from the vapor. In the fourth column of the table 
here given will be found the amount of diminution of tension ^> when the vapor, 
which is saturated for any one of the temperatures given in the first column of 
that t&ble, is cooled 1°. The numbers of the table ranged under ^ are found 
in the following manner : 

If we subtract any of the values of p contained in the third column from the 
following one, we shall learn how much the tension of the saturated vapor is 
increased by an elevation of temperature of 5^. How much it is diminished by 
a lowering of temperature of 5^» we learn by subtracting from the same value of 
p the preceding one. If we now take the mean of these two differences, and of 
this mean the fifth part, we shall learn (without sensible error) how much the 
tension of the vapor of water is changed by an elevation or lowering of temper- 
atm-e by 1**. Thus, for example, for 150® C. the first difference is 6897.7 j the 
second difference, 6195.4 ; the mean of the two is 6546.5 ; and the fifth part 
thereof, 1309.3, the number which stands under ^ in the horizontal row of 150® C. 
Let the vapor, which now has the temperature ^—1 and the tension p'sap— ^, 
be compressed by the volume u, (0 D, Fig. 11,) while the heat is continuously 
withdrawn from it in such manner that me temperature shall always remain 
^—1 and the tension j>—^. 

The quantity of heat r' becoming free during this compression, and withdrawn 
from the vapor, consists of two parts, namely : of the quantity of heat Ap'u, 
which corresponds to the labor j/u expended for the compression, and repre- 
sented by the rectangle CDdCj and the quantity of heat p which becomes free 
by the condensation of a corresponding quantity of vapor. 

Let the compression now be finally continued from D to A, without the 
addition or abstraction of heat j the temperature will thereby be ndsed to <®, the 
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pressure to p, and the vapor will ag^n be folly restored to its original state, 
(water of ^.) In this last part of the operation the work d, represented by the 
rectangle DdaAjis expended, and thereby the quantity of heat q is agdn sap- 
plied to the body under experiment, a quantity which it had lost daring the 
expansion from O B to C. 

While the water has been thus fully restored to its original state, the work 
pu+d will, during the operation cited, have been performed through the expend- 
iture of the quantities of heat r and 9, and thereupon the quantity of heat r^+q 
have been gained by the expenditure of the Vfoikj/u+d, The sum of the work 
gained is thus, 

a work which is represented by the shaded parallelogram a b c d, (Fig. 11.) 
The heat expended m producing this work is, 

But the quantity of heat requisite for the performance of the work fuiB At u; 
we have then the equation 

A fu^r—r^. 
Now, in this equation the values A ^ and r are already known ; only t^, there- 
fore, is wanting to enable us to determine that of u. And as the rigorous sola- - 
tion of this problem is not possible without the aid of the higher analysis, we 
must here content ourselves with an elementary process of approximation. 

The quantities of heat Apu and Ap'u stand evidently in proportion to the 
tensions p and^'^; and to these we may assign as proportional, since the ques- 
tion regards only slight differences of temperature, the density of the vapor of 
water at f* and at (^—1)*. But to these densities are also proportional the quan- 
tities of water which, at the temperature P, are evaporated during the expansion 
through the volume u, and at«ihe temperature (^—1)^ are condensed dunng the 
compression through the volume u. Whence, therefore, we have p : //=j? : j/, and 
P+Ap u 2 p^+Ap^tt=p ; j/, or r : r^ssp : j/. 

But since, within such narrow limits of temperature, the saturated vapor may 
be assumed as following the law of Mariotte Qay-Lussao, therefore 
jp:j/=l+a^: l-fa(^— 1) 



consequently, also, 



r'^l+at: l+a(^-l) 



r—r^ssr < 1 



.l+a{t 



r-^r'zs:. 



1+ 
ra 



at ^ 



iH-ai 
or, if we divide numerators and denominators by a, and take -=7^, 



~a+t T' 
if T denote the absolute temperature* which corresponds to f G. Thus we have 

*Let p be the elastic force of a confined mass of air at 0^; then, according to Mariotte 
Qay-Liissac*s law, this elasticity at't^ C. is equal to p (1+0.003650; the elastic force 
of the enclosed mass of air is thus null, if l-f-0.00365 i=dO ; that is to say, if (=>-273o C. At 
this temperature, which is 9730 below the freezing point of water, the gases lose their power 
of expansion; and it is this point which we indicate as the obMoluU zero-poimt. It is the 
temneratnre counted from this point onward, according to the Celsius degrees, T=:273+(, (if ( 
be toe temperature counted onward from the freezing point of water,} which is denoted as 
absolute temperature. In the second vertical series of our foregoing table are given the^ 
absolute temperatures which conespond to the temperatures of the first column measured by- 
the thermometer of Celsios. ^ 
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As»«=Ij 



and 



or 



(H) 



if for 1> we place its nxunerioal valne 424. From this eqiiation, which is regarded 
A 

as the second general equation af the mechanical theory qf heai^ the appropriate 

value of u at eveiy given temperature admits of being oalonlated, as r, T, and 

^ are known magnitudes. Thus, for example, for ^=^120^ we have 



and for ^=150* 



393 • 645.1 ' 

«= f * -^.^ =0.3834. 
423 - 1309.3 



Our table contains in the seventh column the value of u for the tempeacatares 
given in the first vertical series. 

To these values of u we have only to add 0.001, (the volume of one kilogram 
of water expressed in cubic metres,) in order to obtain the volume v, which one 
kilogram of saturated vapor of the corresponding temperatore occupies. The 
numerical values of v are presented in the ek^hth column of our table. From 
this wo see, for example, that one kilogram of saturated vapor of 100^, of 130^, 
of 160'', &c., occupies the volume of 1.6459, of 0.6529, of 0.3002, &c., oabic 
. metres. 

If the saturated vapors of water followed Maziotte Gay-Lussac's law, then the 

product ^ .must be a constant magnitude. But this product is 

46376 for <=100^ 

37832 for <=:130^ 

32374 for ^=160**,- 
thus for increasing tempetatures it becomes continually smaller. From the appli- 
cation of the mechanical theory of heat to saturated vapors it results, thercfoie, 
as Glausius first showed, that these do not follow Lussac's law ; that rather the 
elasticity of saturated vapor increases less mpidly with increasing temperature 
than the density thereofl 

Since the quotient •— indicates the weight of one cubic metre of saturated 

vapor, * - is the weight of one cubic decimetre, consequently, also, the spe- 
cific weight or density of the same. The numerical values of the density of sata- 
rated vaporware given under y in the 9th column of our table. 

If we multiply the enlargement of volume Uj which ensues &om the tmna* 
formation of one kilogram of water at ^ into saturated vapor of f^, into the 
corresponding pressure p, we obtain the exter^l work performed throagh this 
operation, while the quantity of heat spent in the performance of this work is 
A|m. The numerical values of Ajnc, which stand in the 10th ooiomn of our 
table, are, however, not calculated in the above-cited manner, but according ti> 

T 

the empirical equation proposed by Zeuner: Ajw=5 30.456 • log • -— , whose 

results so nearly accord with those computed aft«r the above theory that we may 
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well adopt this equation as tlie tnie exnres^n of the relationB between jp, Uj 
and t Again, the valoes of ,Uy as staiea in the 7th oolnmn, are not those calca- 
lated in the way above given, bnt those veiy nearly iJie Bamoi which are obtained 
by a division of the values of ApUy given in column 10, by the poirespcmding 
values of Ap. 

Let u^ now biiefly oonaider the rigniiication of the magnitudes represented in 
the table. 

Q, as already said, is the total quantity of heat which is expended in order 
first to heat one kilogram of water at 0^ to ^, and then to convert the water of 
^, under the corresponding pressure j?, into saturated vapor of f, 

A part of this quantity Q? namely, ApUy is spent in external work ; it is, 
therefore, no longer contained in the saturated vapor at f^ ; the total quantity of 
heat contained m the vapor (excepting that already in the water at 0^) is 
only J=Q— Ap u. The values of J are represented in the 11th column of our 
table. 

In order to transform water at f into saturated vapor at f*, the quantity of 
heat r is necessaiyy whose values are exhibited in the 6th vertical series of the 
table. It IS' this magnitude r which is usually deognated as latent heat] an 
incorrect expression, however, if we mean thereby to indicate the quantity of heat 
employed in abolishing the cohesion of the particles of water, and hence spent in 
an external work, for a part of tKe quantity r, namely, Apu, is consumed by 
that external woik. Only the remainder, fr=r-^ApUj can be regarded as the 
internal latent heat of vapor, while the magnitude r might, according to Glausius, 
be designated as evaporation-heat. 

It is evident that for a correct calculation of the effects of steam-engines the 
values of v must be taken into account as they are set forth in pur table, and not 
hose reckoned after M. Gray-Lussac's law. It is to be observed, however, 
fn a comparison of the values of V and v, given in two preceding pages, that 
|n the last the volume of one gram of vapor is expressed in cubic centimetres, • 
While in the first it is stated in cubic metres. 

From a consideration of the numbers grouped together in the table it will be 
seen that of the quantity of heat conveyed to the water in the boiler only a very 
small part is expended in mechanical work ; for the quantity Apu employed in 
such work is but an inconsiderable fraction even of the evaporation-heat r, about 
-^ for 100^ and ^V ^er 160^ The internal latent v»^«or-heat p abides with the 
vapor at its exit from the machine, and hence can do no work. This quantity 
of heat p can only be in part regained. 

This circumstance occasioned the constructing of power machines, in which the 
elasticity of heated air might operate instead of steam. Such machines, con- 
structed particularly after Ericsson's designs, and known by the name of caloric 
engines, have been repeatedly introduced into practice with high expectations, 
but have been as often abandonecl because their performance fell far short of 
that of the steam-engine. 

VIII. — ACTION OF SATTJBATBD STBAM DURING EXPANSION. 

The results thus far obtained enable us to form a correct idea of the action 
of steam in our expansion steam'-engines. As we cannot, .however, here develop 
the equations necessary for the general solution of this problem, we must content 
ourselves with the consideration of special cases. 

If, under the piston of a steam-cylinder, there be just one kilogram of saturated 
steam of 160® C, we find for this steam by our table, 

i;s:0.3002 cubic metre. 
1):= 63243.4 kilograms. 
J^ 610.53 units of heat. 
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Let the steam be now sapposed slowly to expand, and the pressure on the piston 
to be, at each moment, equal to the coneeponding tension of the steam. Dnring 
this expansion both the temperature and elasticity of the steam is lowered. 

Suppose the steam to expand tiU its temperature has fallen 5^, and hence in 
the case under consideration from 160^ to 155^. We will inquire now how much 
heat must be supplied to this expanding steam, 1% during the expansion in ques- 
tion, no condensation take place and the quantity of steam is to remain unaltered. 
By our table we have for 165®, 

t/= 0.3387 cubic metre. 

j/=56588.1 kilograms. 

J'= 609.35 units of heat. 

The volume of the steam has therefore increased by V=t/— f?=0.0385 of a 
cubic metre. The work done during this expansion we know at least approxi- 
mately, L=V • ^^ whence, in our special case, we put 

L= 0.0385 * 59415.7—2287.5 metre-kilograms; 
the quantity of heat requisite for this work is, 

A L=-^=H??^=:5.39 unita of heat 

424 424 

At the beginning of the expansion the total heat contidned in the eteam, 
J=610.53, at the terminatibn of the expansion, J'^609.35; thus we see that 
during the expansion, J— J', equal in units of heat to 1.18, has disappeared from 
the steam. But this quantity of heat is not sufficient to execute the work 
amounting to 2287.5 metre-kilograms; so that 5.39— 1.18=4.21 units of heat 
must be added from without, if the steam is to expand in the manner above 
stated, without diminution of the quantity of steam. 

If we repeat the same process for the temperature standing in the beginning 
at 120^, (instead of 160^, as in the preceding case,) we find, 

V=rt/-.t;= 0.1433. 
j)+l/=18767.2. 
L=2689.3. 

A L= 6.34 units of heat 
J— J'=1.12 units of heat. 

In this last case, therefore, an addition of 6.34-- 1.12=5.22 units of heat is 
needed. Now, if the numerical values just calculated, make no pretension to 
exactness, they still serve to show that a considerable addition of heat is necessary 
if the steam is to expand in the way specified, wiihoiU the occurrence qf partial 
condensation. 

But since, in our expansion steam-engines, .no further addition of heat ensues 
after the shutting off of the supply of steam, it is clear that in consequence of the 
expansion a partial condensation qf steam mt4st foUow, The last part, therefore, 
of the preposition announced by Pambour, " Steam, while expanding without 
heat being supplied, remains saturated, and no vapor is thereby precipitated," 
is inadmissible ; much rather would it be proper thus to modify the proposition, 
^^ While steam is expanding without a supply of heat, it remains, indeed, saturated, 
but thereby is a proportional qtumtity of vapor precipitated.'' Hence, at the end 
of the expansion the quantity of steam is less than at its commencement. 

It is through the condensation of steam that the heat must be furnished, 
which is in deficiency, for the performance of the work of expansion. 

This important discovery, respecting the action of steam during its expandon, 
was made almost simultaneouslv by Glausius and Bankine. It is clear that the 
theory qf steam-engines must, m>m this fact, undeigo an essential modification. 

That the expansion of steam is attended by partial condensation, admita of 
being likewise experimentally demonstrated. Into a glass balloon, (Fig. 12,) 
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whiob is wrapped aroimd with wire and provided with a brass appendage whicli 

contains a duct, closed at will by a oock, we introduce a little water, so that 

the glass may be moistened within by a few drops. The balloon is then screwed to 

a compressing pomp, and so much air is pumped j^. 13. 

in that the tension in the interior of the balloon 

shall amount to. about three atmospheres. If the 

cock be now closed; and the balloon be unscrewed 

and laid in some warm place, whether in the 

vicinity of a stove or in the sunshine, the vapors 

in the interior will, after a while, have acquired 

the elasticity corresponding to the temperature, 

and appear perfectly transparent. If the cock be 

now opened, air and vapor will rapidly escape 

from the balloon, and the latter will be filled with 

a thick mist. 

In a somewhat altered form, the experiment ad- 
mits of being executed as follows : Let the bell of 
an air-pump be sprinkled on the inside with a 
little water, and filter being placed on the plate 
of the pump, be left some time in a rather warm 
chamber. As soon now as we begin to discharge 
the air, a white mist will be formed within the 
bell. 

. A corresponding experiment has been instituted 
by Him on a large scale. A straight copper cylinder, two metres long and 15 
centimetres in diameter, was closed at both ends by flat plates, in the middle 
of which were openings two centimetres wide and closed by plates of ^lass 
cemented therein. This cylinder was on one side placed in connection with a 
steam-boiler, while on the other it bore a discharge tube which was furnished 
with a wide cock. Into the cylinder was now introduced steam of a high tension, 
while the escape-cock was only partially opened, so that all the air might find 
an issue. The highly condensed vapor, (five atmospheres, for example,) which 
in this way fills the cylinder, is now perfectly transparent, so that all objects 
are plainly visible through the glass plates mentioned above. If the influx of 
steam from the boiler be afterwards wholly shut off, and the escape-cock be 
suddenly and fully opened, so that the steam promptly expands to a tension of 
one atmosphere, a mist of such density is formed in the cylinder that its contents 
appem: completely opaque. 

IX. — ^THB MELTING OF ICE. 

After having applied the principles of the mechanical theory of heat to the form- 
ation of steam, we will proceed to consider them in relation to the phenomena 
of melting, and shall here treat exclusively of the melting of ice. 

Let us suppose one kilogram of ice at 0° C. to be contained in a vessel, under 
the pressure of one atmosphere. If heat be communicated to this ice, whUe the 
pressure remains unaltered, the ice passes gradually into water, but the tempera- 
ture continues at 0® until the liquefaction is wholly completed. From this 
moment first begins the elevation of temperature, if the supply of heat is main- 
tained. 

The quantity of heat which is necessary thus, under the pressure of one atmos- 
phere, to convert one kilogram of ice at 0® into water at 0®, taking the mean 
of the best experiments, is, r= 79.035 units of heat. This quantity is usually 
called, as in the case of steam, the latent heat. 

The phenomenon of melting is wholly analogous to that of evaporation. A 
part of the heat supplied to the ice is expended in overcoming the cohesion, the 
other part in external work, as, during the melting, a change of volume takes 
place. ^ 
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As in the formation of steam, if it takes place under the conditions set fortb 
in § 7 the temperatore at which the transformation into vapor occurs is a fnnction 
of ihe pressure exerted on the piston, so that we might expect that the tempera- 
ture of the melting ice depends also on the pressure under which it stands ; that 
the temperature effusion also varies with the pressure. 

From the analogy between vaporization and fusion, we are authorized to apply to 
the phenomenon of melting the equations developed in section vn, and therefore 

the second leading equation of the mechanical theory of heat u =-r — ^^ — . But 

while, in the formation of steam, the magnitude ^ was given through the experi- 
ment, it is here wholly unknown ; on the other hand, we know tne quantities 
r, A; Ty and u, and hence have 



(111) 



^ A-T-tt 

As we have above seen, r =79.036. The absolute temperature at which, under 
the pressure of the atmosphere, the melting of ice takes place, is T=273'*. We 

know, moreover, that A=----. For the computation of ^ there is wanting, 

therefore, only the value of u. In the melting of ice, we know a diminution of 
volume takes place. The volume of one kilogram of water at 0® is t;= 0.001 
cubic metre. The volume of one kilogram of ice at 0®, taking the mean of 
different computations, is «r=0.00109; hence 

w=t;—«(;= —0.00009, 

and therefore negative. If we place now for r, A, T, and u, in equation, (111,) 
the numerical values cited, the result is 

79.035 • 424 



^=- 



273 • 0.00009 



Should the difference of pressure ^, which corresponds to a lowering of tempera- 
ture of 1^, be expressed, not in kilograms, but in atmospheres, we shall have to 
divide by 10333, and we then obtain 

^=- 7^'Q^^ ' ^^^ =132 atmospheres ; 

10333 • 0.00009 • 273 u p e^«, 

that is to say, an augmentation of pressure from 1 to 132 atmospheres would cor- 
respond to a lowering of the melting point by 1° 0. ; an augmentation of the 
pressure by one atmosphere will therefore be followed by a lowering of the 
melting temperature of ice equal to j^, or 0.0075® C. 

That the temperature at which ice melts varies with the pressure, and that 
thus an elevation of the pressure corresponds to a lotoering qf tlie freezing point, 
was first theoretically demonstrated by James Thomson, (Proceedings of the 
Royal Society of Edinburgh,) and then by Clausius, (Pogg. Annal., Lxxxi,) and 
was experimentally verified by William Thomson, (I^ogg. Annal., lxxxi.) The 
latter availed himself, for this experiment, of a thermometer in which ether was 
employed instead of quicksilver as the thermometric fluid. The reservoir of 
this thermometer was three and a half inches long and three-eighths inch wide. 
On the tube, six and a half inches long, was a scale of five and a half inches 
length, divided into 220 equal parts. The extent of this scale corresponded to 
a difference of temperature of about 3° F., so that a division represented on an 
average y^ of a degree of F. The thermometer was so regulated that it showed 
the temperature between 31** and 34® F. In order that the reservoir might not 
be compressed when submitted to a strong pressure, it was hermetically inclosetl 
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in a wider glass tabe; this outer tube contained enoogb quicksilver for the 

reservoir of the ether thermometer to be wholly surrounded by it. 

This thermometer was now plunged, together with a cylindrical tube filled 

with air, into Oersted's compressing apparatus, which was filled partly with 

water, partly with pieces of pure ice. By means of a ring of lead, care was 

taken to keep the water of the compressing vessel free firom ice at that part 

of the thermometer on which the readings were to be made. A pressure of 

8.1, and again of 16.8 atmospheres, produced a sinking of the thermometer by 

7 5 
7^ and 16i of the divisions of the scale, and thus by--^- =0.106'* F., and 



16.5 



=0.232® F. ; which very nearly coincides with the theoretically calculated 



71 
depression of 0.109° and 0.227® F. 

From the above developments and observations it might be expected that water 
under very high pressure must remain fluid at rehatively low temperatures. That 
this, indeed, is the case, is confirmed by the experiments long since conducted by 
Williams in Quebec, in order to measure j.^ jg^ ^^ ^^ 

the force with which freezing water ex- 
pands. He exposed to intense cold 
thick iron bomb-shells, filled with water 
and closed by means of an iron plug firmly 
driven in. At a very low temperature 
the stopper was either driven out and 
then an icicle was projected from the 
opening, (Fig. 13,) or the bomb was burst, and in that case a sheet of ice pro- 
truded from the fissm'e, (Fig. 14.) The form of these extruded pieces of ice 
indicated conclusively that the water at a very low temperature still remained 
fluid, and was first converted into ice at the moment when it gained additional 



Fig. 15. 



Fig, 13. Fig. 14. 



In fine, Mousson has shown (Pogg. Annal., cv) that at a very low temperature 
ice may be rendered fluid by great pressure. The appa- 
ratus of which he availed himself for this is represented in 
section in Fig. 15, and on a smaller scale in side elevation 
in Fig. 16. Through the axis of a massive prism A of 
the best steel, four-cornered below and furnished above 
with the wonn of a screw, a cylindrical cavity, 7.12 milli- 
metres wide, is drilled, which, in its upper part, widens from 
6 to a, in a slightly conical form, so that the mouth at a 
lias a diameter of 8.61 millimetres. From above is driven 
into the cylindrical cavity a piece of pure copper g, some- 
what conical at first, and fitting into the cavity a 6 so as 
to form above a perfect closure of the same. To the copper 
cylinder g is affixed a steel prolongation D, of like diameter 
with the cavity h c, and which, by application of the female 
screw E, can be pressed downwards so as to drive the copper 
cylinder g further into the cavity h c. Underneath the cy lin- 
drical cavity &c is also a conical but rapidly widening cavity, 
into which fits the copper cone/, which, by means of the 

steel screw C, can be firmly pressed into its cavity. 

In order to perform the experiment, the screw and the 

copper cone/ were first removed, the whole apparatus was 

inverted, so that E was below, A above, and the free part 

of the cavity 6c, above f7, was filled with water that had 

been boiled ; the copper index d was now lowered into this 

water. With the position unchanged, while d thus stood 

upon gj the whole apparatus was exposed to a low tempera- 
18 s 
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Fi^. 17. 



ture, the water froze, and thereby the copper index was fixed at the place which 
Fi^. 16. it occupied. The nipple of ice formed by the freezing of the water 
in the conic space at c was removed, the copper cone / introduced, 
and by means of the screw driven in as strongly as possible. The 
whole apparatus was now again reversed, so that E was above and 
C below. 

After the apparatus, in this last position, was firmly secured in a 
strong cross-piece between two bars, (Fig. 17,) and surrounded with 
the freezing mixture, the index d being thus plunged in the ice deep 
under g, the female screw or nut E was, by means of a lever six 
decimetres long, gradually driven around, and thereby g more and 
more pressed downward. If the ice remained firm under the com- 
pression, there must, on the opening of the screw C, situated below, 
appear at- the copper cone/ first a cylinder of ice and then the index 
d', but if water has been produced by the pressure, the index d must 
descend to c, at the lower end of the cavity, and hence, on the with- 
drawal of/, first the in- 
dex and next in order 
the massive ice cylin- 
der respectively make 
their appearance. 

In order to prevent 
the heating of the 
apparatus by me- 
chanical work the 
depression of g was 
very slowly conduc- 
ted, the female screw E being turned only every five minutes to the extent of 4A°, 
and the operation being thus protracted through the space of some four hours. 
When, after these processes, the lower terminal screw was opened, still under a 
very low temperature, the copper cone/ immediately protruded and ice instantly 
formed on its sides. Directly behind the cone/ followed the index e?, and after 
this a thick cylinder of ice, which must have been formed at the moment of the 
opening. 

Thus was the proof afforded that, btf a sufficiently strong pressure ^ ice is con- 
verted into water a/ =18° C. The pressure to which the ice was subjected in this 
experiment is estimated by Mousson at some 13,000 atmospheres. This lowering 
of the molting point of ice through pressure plays an important part in the expla- 
nation of ghujier-phenomena, and on that account will be again the subject of con- 
sideration in the section of cosmical physics. 

The value of 0, (in equation 111) is, for water, a negative one, because ice, in 
melting, contracts. For such substances, however, as are attended in melting 
with an augmentation of volume, ^ is positive, and for these therefore the melting 
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point must, through increased pressure, be heightened. The correct- 
ness of this consequence lias been experimentally proved by Bnnsen, 
(Pogg. Annal., Lxxxi, 1850,) and. by Hopkins, (Dinglers Polyt. 
Journal, cxxxiv.) Bunsen conducted the expeninent in tlio fol- 
lowin.!^ manner : A very thick-walled glass tube about a foot long, 
and having a bore of the size of a straw, was drawn out at one end 
into a line capillary tube from 15 to 20 inches in length, which was 
made of as accurate calibre as possible. The lower end of this 
glass tube was also drawn out to a somewhat wider tube, one and 
a half inch long and curved, as is shown in Fig. 18. 

By atmosphenc pressure the whole apparatus was now filled with 
quicksilver, and the longer capillary tube was then soldered at a. 
After cooling, a small quantity of quicksilver was driven out at b 
by gentle heat, and in place of it, while th^ cooling was renewed, 
a small quantity of the substance to be tested was imbibed in a state 
of fusion. The apparatus was now soldered also at b, the longer 
capillaiy tube was then opened at a, and the whole apparatus heated 
one or two degrees above the melting point of the substance con- 
tained therein, through which process a part of the quicksilver is 
expelled from the open point at a. Finally, aft«r renewed cooling, 
the range of the quicksilver in the capillary tube at c, together with 
tlie range of the thermometer and barometer, was noted ; the point 
at a was then once more soldered, and thus a column of air of ascer- 
tained length was included. 

Two such instruments of precisely similar form and contents, one of which was 
soldered at a, while the other remained open, were now, together with a sensi- 
tive thermometer, fastened on a small board in such manner that the two little 
tubes filled with the substance to be tested might stand close to the bulb of the 
theiTOometer. If this apparatus bo immersed in water whose temperature is a 
few degrees above the melting point of the substance, to such a depth that only 
the tube b shall be submerged, it will bo seen that, by gi-adual cooling of the 
water, molecular rigidity will ensue simultaneously in both tubes. But were the 
apparatus sunk deeper in the warm water, there would follow, through the expan- 
sion of the quicksilver in the closed insti-unient, a pressure which can be readily 
measured by the compression of the air in the capillary tube cb^ and which may 
be augmented or diminished at will by depressing the instrument in the warm 
fluid or partially withdrawing it therefrom. The pressure in the open instru- 
ment, on the otiier hand, remains unchanged during the whole experiment. The 
difference of temperature at which the substance grows rigid in the closed instru- 
ment sooner than in the ppen one gives the elevation of the melting point for 
the observed pressure. 

An experiment made with spermaceti gave the following result : 

Pressure. Point of rigidity, 

1 atmosphere •- 47.7** C. 

96 atmospheres. 49.7'' 

156 atmospheres 50.9** 

The same experiment repeated with parafiine gave : 
Pressure. Point of rigidity. 

1 atmosphere 46.3** C 

85 atmospheres 48.9® 

100 atmospheres 49.9® 
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By another method, Hopkins obtained the following results : 

Melting temperature. 



Pressure. 


Spermaceti. 


Wax. 


Sulphur. 


Stearine. 


1 


510 C. 

60O 
80.20 


64.50 C. 

7450 

80.20 


107.00 C. 

i:«)2o 

140.50 


72.50 Q, 


519 


73. 60 


792 


79.20 







X. SPECIFIC HBAT IN THE ACCEPTATION OF THE MECHANICAL THBOBY 

OF HEAT. 

By the specific heat of a substance is understood, we know, the number which 
specifies how many units of heat {calories) must be added to the unit of weight 
of that substance in order to produce an elevation of temperature from 0® to 1® C. 

According to a law propounded by Dulong and Petit, the product obtained 
when the specific heat of a solid element is multiplied by its atomic weight should 
be a constant number ; which is, indeed, nearly the caae, as the following brief 
table will show : 



Atomic weight. 



Specific heat. 



P'8. 



Silver... 
Alumina 
Copper.. 
Iron .... 
Lithium. 
Natrium. 
Lead.... 
Sulphur. 
Zmc. — 



108. 

27. 

63. 

56. 
7. 

23. 
207.0 

32.0 

65.2 



0.0570 


6.16 


0.2143 


5.87 


0.0949 


6.02 


0.1138 


6.37 


0.9408 


6.59 


0.29:U 


6.75 


0.0314 


6.50 


0.1776 


5.68 


0.0956 


6.23 



The Dulong-Petit law admits of being expressed in this wise : ChemicaJHp 
equivalent quantities of solid elements require for like elevation (f temperature 
quantities of heat of like amount Still another expression of the same law is the 
following : The atoms qfaU simple substances have a like capacity for heat; or, in 
fine, the atomic heat of aU simple substances is equals if we denote by atomic heat 
the product of the atomic weight into the specific heat. 

In the mean, the atomic heat of solid elements has the product p • s==a, or 
the value 6.4. From this value, however, the atomic heat of caibon deviates 
considerably, since we have for — 



Chnrcoal 
Graphite. 
Diamond 



12-^ 



0.241 
0. 174 
0.147 



p'8. 



2.P9 

2.09 
1.76 



The atomic heat of the different forms of carbon is somewhat more approxi- 
mate to the mean value of the atomic heat of the rest of the elements, if, accord- 
ing to Regnault's proposition, we take the atomic weight of carbon not as equal 
to 12, but to 24. . r" 1 
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If we indicate the atomic weight of a compound body by P, its specific heat by 

S, and by N the number of single atoms which are associated with one atom of 

P * S 
the compound body, then, according to Gamier, we have very nearly --— =a> 

if a represent the mean atomic heat of the solid elements, and, therefore, the 
value 6.4. In effect there results, for example, for 





Chemical 
formula. 


P 


S 


N 


PS 

N 


CiDDiib&r...... ...... •.•.•....•.... 


NflA 

HaO 
FesOa 


232.0 

Ga5 

142.8 

J8.0 
160.0 


0.0517 

0.219 

O.lll 

1.00 

0.154 


2 
2 
3 
3 
5 


6.0 


Rock salt 


6.4 


Red copper .... 


5.3 


Water 


6.0 


Soeciilar iron. (EiMtiuilanz'S.....m .... 


5.0 







Now the temperature of a body depends, according to the mechanical theory 
of heat, entirely on the living force with wliich the atoms composing it move. 
Two bodies have a like temperature when the living force with which each atom 
in the one vibrates is equal to the living force of an atom in the other. For the 
temperature of two bodies to bo raised in an equal degiee it is necessary that the 
oscillatory work of the atoms in both should undergo an equal augmentation. 

From this it might well be expected that like quantities of heat will be needed 
to produce a like elevation of temperature in two masses of different substance 
of which one contains just as many atoms as the other ; or, in other words, it 
would be expected that the magnitude, which we have above indicated as atomic 
heat, should for all elements be alike; that, hence, the Dulong-Petit law should 
not only be approximately, but rigorously, correct, that for chemically com- 
pounded substances the quotient which we obtain when we divide the atomic 
heat of the combination by the number of single atoms which are associated with 

P S 
one atom of the composition, being the value -=^, must under all circumstances 

be perfectly equal to the atomic heat of the simple substance. This, however, 

experiment does not verify. The numbers of the last column of the above tabic, 

P S 
in part, deviate considerably from 6.4, and thus the quotient -^i^is not equal for 

all combinations, as we have also seen above. 

The contradiction in which experiment and the mechanical theory of heat 
seem here involved entirely vanishes, however, when it is considered that the 
quantity of heat which must be supplied to a body in order to raise its tempera- 
ture is by no means wholly employed in exalting the living force of its molecular 
vibrations, but that a considerable part of the heat, which we designate as specifio 
heat, is consumed in the performance of internal and external work. 

Let us indicate the specific heat of a simple substance by s^ then is, 



«=rA;-|-t-|-e 



(1), 



if by A; we denote the augmentation of the vibratory work which the unit weight 
(Getcichtseinheit) of the substance in question undergoes from an elevation of 
tempemture of 1^, while i and e denote the heat equivalent of the internal 
and external work simultaneously executed. If we designate the atomic weight 
of the substance by j?, then, according to the principles of the mechanical theory, 
the product kp must, of course, be the same for all simple substances ; but it by 
no means follows that sp also is a constant magnitude, since e and i are quanti- 
ties which vary, not only from one substance to another, but for the same sub- 
stance with the conditions of aggiegation. We can realize the ai;>solute validity 
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of the law of Dulong and Petit only when both quantities i and e are completely 
null. Only in special cases can the quantities e and * be small enough- to admit 
of their being neglected, l^liis circumstance, however, makes it possible to 
ascertain the value of the quantity k. 

For solid and fluid bodies the expansion which corresponds to an elevation of 
temperature by I® is so slight that we may overlook, without sensible error, the 
external work thereby executed j for this case, therefore, we have 

s^k + i .... {2). 

On the other hand, it may be assumed that, at least with the permanent gasefs, 
the intemol work is null ; whence, for these we have 

5= A; -he .... (3), 

if by 5 the specific heat of these gases under constant pressure be indicated. For 
the case in which the gas is so confined as not to be capable of expanding from 
subsequent heating, e is also null ; and we then have 

s'^k .... (4), 

if by s' be indicated the specific heat of gases under constant volume. 

According to the experiments of Regnault, the specific heat is, with constant 
volume, for oxygen gas, 0.1551 ; for hydrogen gas, 2.4153 ; for nitrogen gas, 
0.1712; whence the atomic heat is for oxygen gas, 0.1551 • 16=2.4816; for 
hydrogen gas, 2.4153-1=2.4153; for nitrogen gas, 0.1712' 14 = 2.3968. 
We will take, then, 2.4 for the approximate value of the atomic heat under con- 
stant volume, for the gases named. 

Tbis value, 2.4, we will now designate as absolute atomic heat It would be 
the atomic heat for all elements, whether in a fluid, solid, or gaseous ^tato, if all 
the heat supplied to them inured exclusively to the augmentation of the vibra- 
tory work, and none of it were employed for internal and external work. 

The knowledge of the absolute atomic heat 2.4 enables us to ascertain what 
part of the specific heat « of a body inures to the elevation of temperature, and 
what pait thereof becomes latent through the performance of internal or external 
labor. For solid elements the atomic heat is, according to equation (2), 

8p={k-^i)p, ' 

For the absolute atomic heat kp of all elements we have found the value 2.4; 
whence, 

(5— e)i)=2.4, and s—i — \ 
P 

2 4 
The quotient -^, which we will call the absolute specific lieat, or the absolute 

heat-capacity, is the same quantity which we designated above by k ; we find it 
for each element if we employ its atomic weighty; as a divisor for 2.4. 

Thus, for example, we obtain ftr copper k^= - =0.0378. Of the quan- 

63.4 
tity of heat 0.0949, which must bo supplied to one gram of copper in order to 
raise its temperature 1®, only 0.0378 units of heatrfiro expended for the elevation 
of temperature, (increase of vibratory work ;) the rest, 0.0949—0.0378 = 0.0571 
units of heat, are consumed for internal work, and hence are latent. In the sanio 
rny wo obtain for certain solid elements, which are exhibited together in the fol- 
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lowing tMo, the values of the specific heat s, of the absolute specific beat hy 
and of the beat expended for internal work t. 





8 


k 


t 


Silver 


0.0570 
0.2143 
0.0949 
0.1138 
0.9408 
0.2934 
0.0314 
0. 1776 
0.0956 


0.0222 
0.0875 
0.0378 
0.0430 
0..S428 
0.1043 
0.0126 
0.0756 
0.0372 


0.0348 


Alamina.... ...••.•..........•.•..............••.--. 


0.1268 


CoDDer.... ......................................... 


0.0571 


Iron .................. ...•...••. .«.. ....•.«••••• .... 


0.0708 


Lithinm 


0. 5940 


Nntrium ................ .........r,.....-.....-.*..**. 


0.1891 


Load -.. 


0.0188 


Sulphur 


0.1020 


Zinc -. 


0.0583 







If we seek to ascertain in this waj the value of k for carbon, we obtain, by 
taking the atomic weight 12 as a basis, A; =0.2, a value which is greater than 
the value of ^ heretofore found for graphite and diamond. This circumstance 
speaks decisively to the effect that, agreeably to Regnault's proposition, we 
should double the atomic weight of carbon and assume it to be equal to 24 ; we 
then have, for the different forms of aggregation of carbon, the values of Sj A;, 
and i, exhibited in the following brief table : 





8 


k 


% 


Chftrcoal - 


0.241 
0.174 
0.147 


H 


0.142 


Graphite ........ .... ............ 


0.074 


Diamond.... ......... ... ........ .............. ............ 


0.047 







The inequality of the specific heat of different forms of aggregation of carbon 
thus becomes intelligible, from the consideration that at a like elevation of tem- 
perature the internal work performed is different, according as we are dealing 
with diamond, graphite, or charcoal. 

In strictness, therefore, the law of Dulong and Petit is, in general, only valid 
for the absolute specific heat kj which, multiplied by the atomic weight of the 
element, gives the constant product A;j?=2.4. The variations which the specific 
heat of solid elements undergoes, when the temperature is raised, are likewise to 
be ascribed to a difference in the amount of internal work. 

In reference to chemically compounded substances, we have, for ascertaining 
their absolute capacUy of heat K, the equation 



PK 

N 



=2.4 



(5), 



PS 



which is found from equation-—- = a if we put K in the place of the experimen- 
tally determined specific heat S, and the absolute specific heat of the element 2.4 in 
the place of a. From equation (5) results K =2.4 — . For water, for instance, 

we have N=3, P=16 + 2=18: hence K=2.4 ^ =0.4; thus the absolute 

' ^ ' 18 ' • 

specific heat of water in a solid, liquid, and gaseous form, is equal to 0.4. From 
these premises we obtain, for the quantity of heat i, which, by an elevation of 
temperature of 1° C, is expended in internal work, 

for ice ... . t=0.5-0.4=0.1 C r\f^n\o 
for Hquid water . 1=1.0-0.4=0.6. by>^UU^H^ 
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THE THERMIC MOLECULAR MOTION. 

From the equivalency of heat and labor it undoubtedly results that every 
development of heat by mechanical means must be regarded as the trans- 
formation of a bodily motion into a molecular motion; and, conversely, that 
every performance of work must be considered a tran^ormation of the molecular 
motion into a bodily motion. This view constitutes the starting point of the 
mechanical theory of heat, of which the most essential principles, together with 
some of the most important consequences springing from them, have been dis- 
cussed in the preceding paragraphs, without reterence, however, to the ooncop- 
tion which we must form of this molecular movement, whose results are the 
different phenomena of heat. 

For the completion of the mechanical theory there is certainly needed an 
hypothesis respecting the nature of this molecular action, although many import- 
ant questions may be and have been solved without one. In the mean time the 
construction of sach an hypothesis has exercised the ingenuity of different physi- 
cists, especially of Clausius, Kronig, and Redtenbacher. 

Krdnig and Clausius (Pogg. Annal., xcix and c) suppose that the minute 
molecules of gases and vapors, mere points in proportion to the intervals which 
separate them, move on with a constant velocity, in right lines, until they 
impinge against another molecule of the same nature, or against some object to 
them impenetrable. The pressure of gases against a solid surface is supposed 
to result from the fact that the molecules in great number continually impinge 
against the resisting surface and rebound from it. By an increase of tempera- 
ture the velocity with which the molecules move is augtnenteil ; and, in fine, 
the temperature is assumed to be proportional to the square of that velocity. 

In the case of solid bodies, the molecules oscillate about a permanent point of 
equilibrium ; while in the case of fluids this point of equilibrium does not exist ; 
but the molecules, notwithstanding their constant and manifold movements, are 
restrained to determined distances, and cannot, like the gases, move freely apart 
from one another. 

While the savants just named seek the causes of the phenomena of heat in a 
movement of the atoms themselves of bodies, Redtenbacher considers the oscilla- 
tions of the atoms of the ether enveloping the atoms of a body to be the source 
of those phenomena, as he has explained in his '^Dynamiden system,^ (Man- 
heim, 1857.) 

A circumstance which speaks with much force in favor of the views of Krdnig 
and Clausius is that through these views the difference between radiant and 
sensible heat admits of easy explanation. The former would thus appeal- to be 
propagated in a precisely identical manner with the rays of light, by a undulatory 
movement of the ether, while a vibratory movement of the pondemble atoms of 
the body would be the source of sensible heat 

The development of the mechanical theory of heat has, within a few years, 
made such progress that it must soon stand in the same grade with the undulatory 
theory of light. In proportion, at the same time, as the mathematical theory is 
advanced towards completion, will it become more and more practicable to reduce 
the explanation of the particular phenomena of heat, in a generally intelligible 
fonU; to the principles of the mechanical theon% 
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CONTINUOUS VIBMTORY MOVEMENT OP ALL MATTER, PONDERABLE 

ANDIMFONDERABLK 



By L. Maorini, op the Museum of Florence. 



TramlaUdfor lA« 8mith$onian tmsUtutiam.* 

It would be at once carious and instructive, could we unite in one point of view 
the different reflections of mankind on the phenomena of nature. What variety 
in ideas ! what differences among men 1 what contrasts between nationalities ! If 
the paths which the human mind pursues could be clearly traced, and it were 
possible to examine them, we should perhaps discover the reasons^which cause 
men at one time to aflirm, as if with intuitive certainty, a principle pregnant with 
consequences, destined to bo confirmed by facts, while at other times they hesitate, 
go astray, and lose the truth even when earnestly seeking it. 

Our senses, even with the help of the most perfect instruments, reveal to us but 
very little about nature ; but the sensations derived from the impressions raado 
on our organs by extenor objects are transmitted to the understanding, which 
co-ordinates them and draws from them the most rational and rigorous deduc- 
tions ; the small number of facts which our senses thus teach us, afford us the 
best means of extending our knowledge regarding the external world. We might 
repine, with some justice, at the imperfection of our senses : our ears might be 
more impressible, our sense of smell more susceptible ; our sight might be even 
more piercing than it actually is with the aid of optical instruments. Yet it is 
not difficult to convince ourselves that it is not the senses which deceive us, and 
that the error proceeds from the deductions formed by the understanding. 

An oar, piercing obliquely a horizontal surface of water, ap^iears to us to be 
broken at the point where it issues from the water. The eye really receives the 
impressions of the light' as if the oar were broken. But if our mind were to 
conclude from this optical phenomenon that we beheld a broken oar, it would 
not be the eye which was in fault, but the understanding, which deceives itself 
bv a conclusion without verifying the other chaiacters of a broken oar. The 
philosophers who impute error to the eye ought, on the contrary, to regard 
this indication as a signal service ; since, without touching on other properties — 
the knowledge of which does not pertain to its province — the eye does in fact 
faithfully represent to us the real course of the luminous rays which pass from 
the water into the air. 

This example, and a multitude of others of the same kind which might be 
cited, teach us that it is very difficult for us to pronounce a correct judgment in 
taking our first sensations as a basis. It is necessary to wait till new iacts add 
themselves to the old, and disclose the relations whicu lead to the common prin- 
ciple of all the phenomena of the same order. Mathematical truths are pure 
conceptions which obey the necessary laws of reasoning *, it is not the same case 
with the physical sciences, the study of which rests not on axioms furnished by 
reason, nor on principles which can be directly drawn from the understanding. 
Nature presents us complex phenomena which we must examine minutely, in 
order to analyze them and discover their cause ) if we would not deviate from 
reality and truth, we must accept the descriptive language of the sensations. 
The sensations furnish us the data, and the tendency which we have to attribute 
them to external causes, conducts us from analogy to principles. In reality, the 
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world is composed of objects which we know only by the impressions they pro- 
duce on our senses. Matter is the unknown principle of which they are formed, 
the cause of the properties which they manifest, and of the sensations which 
reveal them to ns. But when we wish to study an object, it is proper to com- 
mence by defining it ; we should therefore ask ourselves, fii*st of all, what is the 
tiTie constitution of matter t 

In considering the scale of magnitudes and the extreme divisibility of bodies, 
' we find that we can form two hypotheses on the constitution of matter. We may 
admit that it is divisible to infinity, and consequently conceive of a body as a 
continuous mass, as a veritable geometric solid ; or again, we may suppose that 
by continuing to divide more and more the fi-agments of a body, we shall arrive 
at an ultimate particle — an atom. On this last hypothesis, matter would be but 
an assemblage of atoms, grouped in distinct elementary molecules, placed one 
beside another without touching, and endowed with the faculty of approaching 
to or withdrawing from one another. 

If we inteiTogate chemistry before making a choice between these two 
hypotheses. It will reply that if matter is continuous, that is to say, not capable 
of being resolved into indivisible elements, the idea of chemical combinations 
becomes essentially obscure. On the contrary, all the known laws of combina- 
tion become evident consequences, logical corollaries of the hypothesis which 
considers matter as fonned by the union of a gieat number of small indivisible 
masses j it is easy^ in effect, to comprehend that the atoms of two simple bodies 
may, in uniting, form mixed molecules and give rise to new bodies. 

The propagation of heat and of light in the Tomcellian vacuum and in the 
planetary spaces, compels us to admit the existence of another highly subtle 
species of matter, infinitely more diffiised and universal than ponderable matter, 
and which we are led to consider as the principal agent of physical nature. 

We shall endeavor to prove, on this occasion, that movement is a fundamental 
propeil}' of matter in whatsoever state it exists, ponderable or imponderable ; 
and if movement exists to-day in all the particles of matter, it has, of necessity, 
always existed. Without movement it is impossible for our mind to conceive 
any modification whatever in the state of things. No action of bodies can be 
manifested without our being able to afiirm that this action consists in a particular 
mode of movement. We shall proceed, as those who transport themselves to 
some elevation in order to embrace the view of a vast region, to cast a compre- 
hensive glance on the phenomena offering more particularly the proof of the 
interior movement which constantly animates the molecules. Let us remark at 
once, that this movement is for us an ultimate fact, of which as yet we know not 
the reason. 

Celestial mechanics has explained all the perturbations of the movement of 
the planets, by admitting the necessary presence of unknown orbs at the limits 
of the solar system; observation has verified the existence of those bodies. 
Thanks to numerous and complete verifications of this kind, mechanics has suc- 
ceeded in rendering extremely probable, not to say absolutely cei-tain, the prin- 
ciple of gravitation, and in establishing in a definitive manner the law of New- 
ton. The law of continuity in nature forces us to admit that the same principle 
extends to all that exists ; it governs the constitution and movements of celestial 
bodies ; it binds the satellites to their planets and the planets to the sun ; it con- 
trols all the bodies which revolve one around another within a determinate rmlius j 
it also acts on each molecule, on each atom, at minute distances which escape our 
gi'oss senses and all our means of direct observation. 

[The name gravitation has been given to that force or tendency of masses to 
approach each other with an intensity which varies inversely as the square of the 
distance and directly as the quantity of inatter. The force which acts between 
the particles, though perhaps of the same character, is governed by a different 
law, and hence has received a different name, that of coho^on. — J. H.J > 
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Bat if tbe dimensions of molecules are <3xtreme1y small, the distances which 
separate them are relatively very great, insomuch that, according to the sugges- 
tive idea of Laplace, a molecule may be compared to a star, and molecular gmvi- 
tation to universal gravitation. It results from this that the movements of mole- 
cules may be compared to the movements of the stars, and it is thus that mod- 
em physics has raised itself to the height of mechanics. It is interesting to see 
a solid body suddenly obey the laws of attraction at the moment when it enters 
within the sphere of influence of a liquid ; the effect is still produced when the 
liquid does not moisten the solid. 

Cohesion, which may be considered a modification of gravitation, acts wjth 
different degrees of intensity on different bodies. All the deffrees of intensity 
which separate the least dense fluid from the most condensed solid, form only 
some of tne intermediate terms of an indeflnite series, of which the ultimate parts, 
eminently solid, the ponderable atoms represent one of, the extremities ; at the 
other are found the matter of the nebulse and the molecules of the ether itself. 
It is these ponderable atoms, subject as they all are to the attraction of the 
neighboring atoms and to that of the ether which surrounds them with a species 
of atmosphere, that produce thermal, electrical, and optical phenomena. 

Under the relatively variable influence of these phenomena, bodies must con- 
tinually undergo modifications in their internal structure. In effect, what varie- 
ties of forms invest quartz and feldspar in their slow and gradiml passage from 
av'itreous to a tophaceous state ! And not only stones, originally resistant, which 
become friable, but flexible substances which become more and more rigid ; cal- 
careous concretions which firom afibrous textiure acquire a lamellar texture ; siliceous 
incrustations, primitively friable, which are transformed into afibrous tissue, &c. ; 
are there not here positive proofs that, even in the most compact bodies, the mole- 
cular grouping undergoes incessant transformations t In these continual trans- 
formations, we cannot neglect the action of gravitation. Pictet has evinced it 
by showing the shortening which a metallic rod undergoes by resting vertically 
on its lower extremity. It is known, also, that the sheets of lead with' which 
the roofs of certain buildings are covered grow thinner with time in their upper 
part, and become denser in their lower part. Hence it results that the particles of a 
metal tend, like those of a liquid, to place themselves on a level, by yielding 
slowly, but in a continuous manner, to the force of ten-ea trial gravitation. 

Oil placed in a mixture of water and alcohol, having the same density with 
itself, is subject only to the molecular attraction of its own matter, and of the 
medium in which it displaces its bulk without mingling therewith. It maintains 
itself in equilibrium and keeps the position in which it is placed ; being thus 
withdrawn firom the terrestrial gi-avitation, it takes the spherical form which sat- 
isfies all the conditions of a force acting equally in all directions. 

Among the expedients which enabled M. Plateau to obtain a certain numbet 
of geometrical figures under the influence of the molecular attraction, I will cite 
one which led to effects truly curious. If, through one of the small spheres of 
oil placed in a mixture of water and alcohol, we pass a small metallic rod, 
to which we communicate a rotary movement, this movement is suddenly trans- 
mitted to the whole mass of oil. The little sphere, by virtue of the centrifugal 
force, becomes flattened in proportion as it revolves more rapidly. Such is also 
the cause to which we usually attribute the flattening of the terrestrial sphere. 
When we continue to increase the velocity of rotation, the flattening is enhanced 
to such a degree that the sphere grows hollow, and of a sudden separates into 
two parts : the interior part, which is a sphere, remans at the centre of the sec- 
ond part, which has the form of a ring. It is impossible to witness the forma- 
tion of this ring without recalling that of Saturn, which doubtless must have 
formed itself after the same manner. Thus the same cause which gives rise to 
the limpid drops of dew which sparkle on the leaves of plants, and whiph com* 
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bines into small spheres the particles of water, has ^ven to all the great celes- 
tial bodies their spherical form. 

[This statement is scarcely correct in a critical consideration of the phenomena; 
the spherical form of the planets is due to the attraction of every particle of the 
whole body on every other, while the spherical form of the globule of oil is the 
result of the interaction or cohesion of the particles at the surface. — J. H.] 

But, besides universal attraction, matter in masses has received, at its ori^n, 
movements of translation, and by analogy the molecules of a drop of water or of a 
g^pbule of platina — which are as thinly scattered and as rare in the little space 
they occupy as the stars of our solar system— may be supposed to be in per- 
petual oscillatory revolutions, without losing anything of their stability, thanks 
to the nature of these movements, and to the influence of the neighboring bodies. 

The astonishing phenomena of acoustics completely forestall the species of 
repugnance we experience in admitting that the molecules of solids can execute 
very rapid movements without becoming disaggregated. On seeing the violent 
movements which pulverulent bodies undergo, and the regular figures they de- 
scribe when cast on plates of glass, metal, or wood, which are made to render a 
sound by scraping them with a bow ; on hearing sound propagated through solid 
bodies more quickly than through the air, and recognizing that it suffices to 
impress a vibratory movement on a small portion of a rigid body in order to com- 
municate to a considerable mass a lively agitation ; on verifying that a metallic 
rod which is made to vibrate longitudinally undergoes contractions and elonga- 
tions, condensations and dilatations, just as does a column of air which resounds 
in a tube ; at seeing a thick beam in contact with a vibrating body of small 
dimensions undergo elongations which may amount to the tenth of a millimetre 
for a metre of length : in presence of this species of mechanical paradox, accord- 
ing to which simple external vibrations of so feeble a nature produce such con- 
siderable effects, we can no longer refuse to admit that the immobility in which 
we see the molecules of solid bodies is only apparent. 

The i^ecent experiments of Professor Graham, on the diflusion of gases 
through graphite, confirm the hypothesis which considers gases as masses com- 
posed of mnnmerable particles, of atoms spherical, solid, endowed with a perfect 
elasticity, and moving in all directions, but with variable velocities according 
to the special nature of each gas. If the substance of the vessel be porous like 
that of the difusiometerj the atoms of the gas, under the influence of the active 
force which animates them, are projected through the pores of the graphite, real 
ttmnels, as they are in comparison with the minute dimensions of the elementary 
atoms of the gaseous body, which thus, in the end, escapes and disperses itself 
in the exterior atmosphere. But, at the same time, the air or some exterior gas 
enters in like manner into the interior and replaces the gas which issued from it. 
We may well conceive that this same atomic movement, accelerated by heat and 
retarded by cold, may be the cause of the elastic force of all gaseous substances 
and of their reaction against all compressing actions. It is known that no alter- 
ation in these movements is manifested when the same gas exists at the interior 
and at the exterior of the vessel, and consequently in contact with both faces of 
the porous wall. It may be assumed in this case that the gaseous molecules enter 
and issue exactly in the same proportions, and thus undergo changes of place 
which we can neither perceive by variations in volume nor by any other phe- 
nomenon. 

If the gases which are in communication are of different natures, but possess 
nearly the same density, and are animated by molecular movements of the same 
velocity, there is again a simple displacement of molecules without augmentation 
of volume, as experiment has shown in the case of nitrogen and the oxide of 
carbon . If, on the contrary, the gases separated by the porous wall are of different 
density and molecular velocity, the reciprocal penetration ceases to be equal in 
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the two direotions. Tbe time which equal volnmes of different gases occapy in 
passing through the graphite are approximately proportional to the square roots 
of their respective densities. Moreover, as the observed phenomena prove that 
the duration of the passage of the gases through the lamina of graphite bears no 
relation to the time necessary for capillary transpiration, it must be concluded 
that the penetration of the gases throngh the pores of the graphite is owing to 
their proper molecular movements. The di£fusion of which we speak affords ua 
the most simple example of molecular movements, and renders them, so to speak, 
visible by the variations of volume. 

From the foregoing it would appear that the pores of graphite are of so great 
tenuity that there can be neither transpiration nor passage in mass of elastic fluids, 
and the graphite may thus be considered a sort of sieve which allows only the 
individual molecules to pass. 

The most ordinary observation constantly teaches ns that animal and vegetable 
matter, exposed after death to the contact of the sAr or buried in the earth, under- 
goes numerous transfonnations. Fermentation, putrefaction, and slow combus- 
tion are the three natural phenomena which co-operate for the accomplishment 
of the disaggregation of organized matter, a disaggregation necessary for t^e 
perpetuation of life on the surface of the globe. 

The most recent experiments of M. Pasteur lead us to recognize that the life 
which is manifested in the very lowest organized productions, is indispensable to 
the accomplishment of the three phenomena which complete the metamorphoses 
of oiganized matter. The life of those inferior organisms presents this peculiar 
character, that it has no need of air or of free oxygen ; a peculiarity which was 
nnknown before the investigations of M. Pasteur. It has not been long since 
this eminent French chemist established experimentally that the slow combustion 
of which dead organic substances become the seat, when exposed to the contact 
of the air, stand, m the greatest number of cases, in close connection with the 
presence of living beings pertaining to the inferior classes of the organic kingdom. 
From this fact it flows, as a general consequence, that life presides at the work 
of death in all its phases, and that the three terms of this perpetual restoration 
to the atmospheric air imd to the mineral kingdom of the principles which vege- 
tables and animals have extracted from them are correlatives of the develop- 
ment and multiplication of organized beings. 

How is it possible, after this, to refuse to admit that all nitrogenated plastic 
substances may acquire, under the influence of a direct oxydation, a force charac- 
terized by an internal movement, suited for being communicated to organic sub- 
stances f The eolid crust of our globe, the waters which cover it and the atmos- 
phere which surrounds it, were they deprived of all proper molecular movement, 
would still be a^tated constantly and in all theur piurts, under the sole influence, 
continually variable as it is, of the solar rays which produce light, heat, ana 
chemical action. We are thus led to consider the activities of subtile matter and 
the admirable phenomena of which it is the seat. How manifold and energetic 
are the modlflcations produced by this subtle matter, in the state of light, on all 
the bodies of nature. 

Every one knows that phosphorus becomes red in nitrogen, in hydrogen and 
in the barometric vacuum, under the sole influence of light ^ that, under this same 
influence, the sulphate of mercury contained in a close vessel becomes black, 
sealing wax grows white, bismuth acquires a violet tint, certain wiiite crystals 
become gradually purple ; that the iodides, the bromides, the chlorides, undergo 
rapid alteration, &c It is to this property possessed by light of determining, in 
both solids and liquids, different molecular groupings, that we owe the wonderful 
art of reproducing and fixing tbe image of persons and objects that are dear to 
ns, with all the rigor of truth, and, so to speak, with the rapidity of thought. 

These phenomena, and a great number of others which light pro<liices on 
inorganic bodies, as well as on animals and vegetables, are due to vibratriry 
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movements of the atoms of Inminous bodies and the nndalations of tlie etber 
which are the consequence thereof. The hypothesis of undulations has received, 
in recent times, the support of facts and of analysis to such an extent that it may 
be re^irarded as the true expression of a physical law, and be recognized in science 
with the same certainty as the theory of gi*avitation. How curious an object of 
meditation is light considered as an agent producing continual modifications on 
the earth and in the air, in organic tissues and in minerals ! In this point of 
view, light appears as the effect of an initial force, capable of producing, in a 
mediate or immediate manner, other modes of action, such as chemical and calorific 
effects. 

It is generally considered that an incandescent combustible body is an Assem- 
blage of molecules undergoing separation of their constituent elements in rtrder to 
reunite with other molecules which they encounter in the air; that all the parts 
of an ignited body are subjected to violent movements, and that the atoms of 
every luminous body are in an analogous state of agitation. Atoms have the 
faculty of transmitting their movements to the neighboring particles of the ether, 
which, in turn, communicate them to the siurounding particles, and thus these 
movements are propagated to the greatest distances with the rapidity of lightning. 
Thus the ether only becomes luminous because the inciindescent bodies and ?tars 
have arrived above the horizon and impress undulatory movements on its parti- 
des. It is for a like reason that at night our apartments and halls become as 
well illuminated as by day ; when left in darkness it is only from the Oibsence 
of a body capable of impressing on the ether contained in the hall a movement 
sufficiently intense to excite our visual organ. 

It is proper to remark that the movement of the either impinging upon bodies - 
is calculated to impress on their ponderable atoms regular vibrations, but vibra- 
tions more and more feeble as the distance traversed by the undulation is greater 
and the diffusion it has undergone more considerable. Vibrations of the second 
onler by which i>onderable bodies are thus animated may, in their turn, impress 
on the suiTounding ether undulations less and less intense; by the saiao 
mechanism vibrations of the third and fourth order may render objects which are 
opaque for us visible to other more impressible beings, and, indeed, exert influ- 
ences capable of modifying the molecular structure of solid bodies. 

If hesitation be felt in admitting these principles, let it bo remarked only that 
the vibrations of a tuning-fork continue to be perceptible long after the concus- 
sions of the bow or stick have ceased to be directly communicated ; let it be con- 
sidered, also, that when the instrument has lost the pmperty of directly mani- 
festing its vibrations to the ear, they do not the l^ss exist, and may be rendered 
perceptible by placing it on a suitable sounding-board. It cannot then be unrea- 
sonable to admit that bodies struck by light during the day should receive in 
their atoms a correspomling vibratory movement, a movement which persists in 
darkness o-nd is communicated to the sun*ounding ether. If gypsum, the diamond, 
and other bodies exposed to the solar rays acquire the property of becoming 
visible for some time in the dark, where is the explanation of this phenomenon to 
be sought if not in the persistence of the atomic vibrations after the exciting 
force ha^ ceased to act? Can any other cause be attributed to the mysterious 
images of Moser ? Is it not probable, fi-om these considerations, that vibrations 
insensible to the retina of the human eye may produce an energetic action on the 
visual organ of certain animals t It is highly probable that the antennae of some 
insects receive impressions of which we have no precise idea, while these creatures 
are insensible to the impressions which affect our organs ; their sensations, per- 
haps, commencing at the point where ours cease. 

It is impossible to conceive at any point of our globe, which changes its posi- 
tion at every instant in relation to the sun, the same temperature during two con- 
secutive moments; hence there results a continual change in the molecules 
of all boilies. The astronomer Cesaris, by observing at several intervals the 
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walls of the observatory of Milan with very delicate instnimente, found them to 
be subject to certain periodical and vaiiable oscillations due to the action of the 
sun. Fabbroni made the observation on a church of Paris, and to the same 
cause is attributed the periodical movement which Vicat observed in ibe arches 
of the bridge of Souillac. 

[Professor Horsford has found that the top of the \\\g\i tower which constitutes 
the Bunker Hill monument, near Boston, inclines towards the west in the morning, 
towards the north at midday, and towards the east in the afternoon. These 
movements are evidently due to the expanding influence of the sun as it warms 
in succession the different sides of the stnicture. A similar but more mai'ked 
effect is produced on the dome of the Capitol at Washington, as indicated by the 
apparent motion of the bob of a long plumb-line fastened to the under side of 
the roof of the rotunda and extending to the pavement beneath. This bob de- 
scribes daily an elipsoidal cur\'e, of which the longer diameter is four or five 
inches in length. By molecular actions of this kind, perpetually continued, time, 
" the slow but sure destroyer," levels with the ground the loftiest monuments of 
human pride. — J. H.] 

But in what consists the mode of action of heat t In order to advance one 
step in the solution of the question, it is necessary to recall the fact that in every 
instance where there is a consumption of mechanical labor there is a production 
of heat. Attrition, compression, torsion, are each an expenditure of labor, and 
give rise to heat. A band of caoutchouc suddenly stretched grows warm ; a 
strip fixed in a vice by one of its extremities, while the free extremity is made to 
oscillate, becomes hot at the point where it is fixed, that is to say, at the very 
point at which the brisk force is annihilated. And, vice versa, when heat is 
consumed labor is created ; a gas, in dilating, presses a piston and becomes colder ; 
the same effect ensues when vapor expands. The band of caoutchouc, which 
developed heat when suddenly stretched, creates labor and grows cool when we 
abandon it to its previous contraction. 

When we are producing a vacuum under a bell glass, the internal air, through 
its elasticity, presses the strata near the channel of evacuation ; thus labor is 
generated, and the thermometer will be seen, in effect, to indicate a lowering of 
. temperature. If we now permit the external air to re-enter, it will compress the 
air which has remained in the bell, and will lose the movement by which it was 
animated. In this experiment, then, there is an expenditure of labor; hence, the 
thermometer vdW be found to indicate an elevation of temperature. We have 
been led by careful experiments to the following principle : " When equal 
quantities of mechanical labor are produced by causes purely thermic, there is a 
disappearance of equal quantities of heat, whatever be the manner of operating ; 
reciprocally there is a production of equal quantities of heat whenever equal 
quantities of mechanical labor are transformed into effects purely molecular." The 
constancy of the relation between the labor produced and the labor consumed, 
whatever be the body which serves as a vehicle for this transformation, has been 
proved by the experiments of Grove, of Joule, of Laboulaye, and other savants. 
We are led to conclude from this that heat is nothing else than an active molecular 
foi*ce. 

How can we do otherwise than admit that this singular transmutation of action, 
this surprising transformation of force, depends on vibrations of the molecules of 
heated bodies, capable of producing in the ether corresponding undulations, which 
are capable in their turn of causing vibrations in the molecules of the bodies on 
which they fall? Light and heat are modifications of the same mechanical 
principle; this, the capital experiments of Melloni have proved. These experi- 
ments have led to the following unforseen results : " That a luminous source 
(the sun, the flame of a lamp) emits at the same time different species of calorific 
rays, distinguishable from one another by the greater or less facility with which 
they tiavci*se certain diathermic substances." We now know that these calorific 
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rays are characterized by differences of refrangibilUy or of velocity analogons to 
those which distingQish from one another the colors which compose white light, 
and these differences have been proved as rigorously in regard to heat as to light. 

These specific qualities of calorific rays correspond to the lengths of different 
vibrations which are propagated in the homogeneous ether, or in the void spaces 
of ponderable matter, and which are capable of being transmitted more or less 
easily in diathermic mediums, according to the nature and density of the latter. 
The calorific waves are analogous to the sonorous waves which are propagated 
in the air, and which cause the elastic bodies with which they come in contact to 
vibrate. 

The invisibility of calorific rays in nowise diminishes the great probabibty of 
the hypothesis which considers light and heat as modifications of the same 
mechanical principle. In fact, visibility and invisibility depend solely on the 
conformation of our eye, (capable of responding 6nly to determinate molecular 
movements,) and not on the nature of the force which produces the luminous and 
calorific sensations. 

The limited impressibility of our retina prevents us from perceiving tbechemical 
rays situated beyond the violet extremity of the spectrum and the calorific rays 
placed Iwyond the red extremity. The former are constituted by vibrations too 
rapid and waves too short, the second by vibrations too slow and waves too long. 
But it is not certain that these two kinds of vibrations. may not be visible for 
other living beings. What do we know of the perceptions which conduct the 
carrier-pigeon to its distant home, or of those which affect the antennsB of the • 
insect and apprise it of danger t What of the telescopic view of the vulture, which 
precipitates itself towards its prey before it even appears to our eyes as a visible 
point on the horizon t We are compelled to admit that, on the earth, in the air, 
and in the water there ai'e beings so organized as to perceive sounds inandible to 
our eai-8, as well as luminous rays and colore of which we have no idea. Our 
perceptions and faculties are limited to a very small portion of the immense 
chain of existences which stretches between the Creator and nothing. 

We believe it would be difiUcult to find a natural phenomenon which does not 
give rise to a development of electricity. Both mechanical and chemical actions, 
both light and heat, produce electricity, l^hus, though it occasions numerous 
phenomena completely different from the other manifestations of the activity of 
matter, electricity is found to be so intimately connected with those other phe- 
nomena that we are led to admit that it depends also on the same mechanical 
principle as heat and light. The experiments of Naime, confirmed by those of 
M. Becquc^el, have taught us that metallic wires traversed by an electrical dis- 
charge, incapable of melting but sufficient to redden them, become shorter at the 
same time tlfat their diameter is increased. Such wires, when traversed by a 
certain number of electric discharges, take an undulatory form which indicates a 
movement of the molecules of the wire perpendicularly to its length. Van Marum, 
towards the close of the last century, caused the discharge of his gigantic battery 
to pass through a tin wire placed horizontally on a sheet of paper. Under this 
action the wire was dissipated, leaving on the paper yellow traces, transversely 
disposed as regards the direction of the discharge ; each of these traces had a 
peculiar texture, and all were arranged symmetrically at distances equal or 
multiple as among themselves. Some yeara earlier, Beccaria had made analo- 
gous experiments, and had interpreted the results by referring them to the prin- 
ciple of vibrations. 

My own investigations have also been directed to this interesting subject, and 
I pro[>ose, on the present occasion, to repeat before my auditors the experiments 
of this kind which I have instituted, and to reproduce the i*esults which I had 
the honor of submitting to the physicists of the ninth reunion of Italian savants 
at Venice. 

On causing the discharge to pass through a gilt thread of silk, certain parts of 
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this thread remain covered with gold after the passage of the electricity These 
parts are at eqoal distances, or distances which are multiples of ono another, 
and these distances vary with the intensity of the discharge. The gold which 
is seen still adhering to the silk thread mast have been loss agitated than that 
which has undergone volatilization ; here, therefore, were the points of minimum 
agitation. 

By subatitnting for the threads of gilt silk strips of tin, maintained in place 
between two glasses, analogous effects are obtained. Under the influence of the 
discharge the particles undergo fusion, impressin£^ their traces on the glasses. 
We then discover an innumerable quantity of small and very fine filaments, which 
group themselves around the strip like the filings of ux)n around the poles of a 
magnet. 

Sometimes, from the point of the explosion shoot in all directions rectilinear 
trails of a copper color and semi-transparent, forming a sort of divergent rays 
constituted by metallic particles reduced to a state of extreme tenuity by the 
discharge. Examined with the microscope these trails are of a structure truly 
exquisite, and are disposed with admirable symmetry on each side of the central 
band, along the length of which are to be observed points of maximum and of 
minunnm intensity. A series of figures thus obtained are annexed : different 
systems of linear filaments, of circular figures, of elliptical figures, continuous and 
discontinuous, affording a beautiful exemplification of the coexistence in the same 
body of several kinds of movement, preserving their individual character in all 
its integrity. 

It is qnite surprising to see that certain of the electric rays arriving on the 
edge of the glasses, between which the strips of tin are confined, rebound on the 
snHiace of separation of the two mediums, and are reflected in making an angle of 
reflection equal to the angle of incidence. 

Is it possible, at sight of these figures, not to admit that the metallic vapor thus 
distributed has been subjected to a vibratory agitation, to a species of undulatory 
movement? Nothing can be more beautiful than these fine and gmnnlated 
enrves which cross each other in a thousand ways on the interior faces of tho 
glass, and along which are disposed very minute metallic particles, visible, how- 
ever, to the naked eye when looked at on being transferr^d to the diffused light 
of heaven. We are forced by this to conclude that the vibmtory movement is 
transmitted by waves which increase as they are propagated, which are reflected 
to the surface of separation of the two mediums, and which reveal to the eye ihe 
route traversed by the refleeted wave. 

Thedisooveriesof Faraday on the relation qfmagnetkm to lightfOn the illumina- 
Uon of magnetic lines, and on diamagnetism, the sounds which, according to tho 
obserations of Wertheim, of De la Rive, as well as my own, accompany temporary 
magnetism and interrupted currents, are phenomena of the same order, tending to 
prove that the forces of matter are in a reciprocal dependence so intimate that 
they are capable of producing one another by equivalent quantities. 

But the intervention of determinate conditions for the production of such or 
such a kind of movement is necessarily subordinate to the pre-existence, In every 
species of matter, of a molecular agitation which, nnder the influence of tho 
different circumstances we have passed in review, may take any character what- 
ever, pass from one species of movement to another, or be added to other move- 
ments which may exist at the same time in the same body, and thus give rise to 
luminous, calorific, electro-magnetic or chemical phenomena, or to all these move- 
ments at once. 

Thus we are led to admit, in the atoms of ponderable bodies, and with still 
stronger reason in the particles of imponderable matter, an interior movement, a 
primordial property — ^that is to say, a general property which has always existed. 

The intensity of this interior agitation vaiics with the nature and dlmcnsi(;R3 
of the body, with the volume and density of the atoms, with their individual 
19 8 "-" 
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separation within the limits of their appropriate agitation. The nature of this 
movement roust vary with the nature of the bodies, each of them having a par- 
ticnhir movement which constitutes its normal state and impresses on it a special 
cliaraoter. We can comprehend, therefore, that when two bodies are placed in 
contact, there must be a communication, a transference of their oscillatory and 
rotary movefnents, with loss on the one side and gain on the other. Let us take 
an example : suppose the initial molecular movement of copper to be more intense 
than that of zinc; if the copper comes into collision with the zinc it will lose, 
according to the laws of mechanics, a part of its inherent force equal to that which 
the zinc acquires. We conclude hence that the copper, considered as the col- 
liding body, is negative, while the assailed zinc is positive. 

Would it be rational to suppose that mechanical laws are true when percep- 
tible masses are in question, and yet control neither atoms nor the particles of 
subtile matter f If it be tme that there is nothing abscHutdy large nor absolutely 
little in creation, dimensions can never constitute a difference in relation to the 
forces which produce and the laws which govern phenomena. We consider then 
the action of light on the object which it renders visible, and that of beat which 
elevates its temperature, as something of an analogue to the sympathetic vibra- 
tion of a chord at the moment when the sound of another chord traverses the air. 
After an analogous manner, all actions at a distance and electro-magnedc induc- 
tions present themselves as natural consequences of one same mechanical principle, 
conformably to the general economy of the system of the universe. 

One of the most important consequences of this study is that sound, light, heat, 
electricity,* are not real entities, but simply modes of action and movements of 
matter communicated to our brain through the medium of the nerves. The human 
organism may therefore be considei*ed as an elastic system, of which the different 
parts receive the shocks of elastic mediums, and vibrate in unison with a certain 
number of undulations each of which produces its complete effect independently 
of others. Here science stops ! The mysterious inffuence of matter on mind we 
must be content to regard as a secret which will yet be long hidden from us. 

Bo it remarked that in the order of animated beings there are those which 
might be clustered in myriads on the point of a needle, and which live but a few 
seconds ; and yet to them their life seems long and complete, and during those 
few seconds they may have a perception of millions of shocks such as those which 
constitute heat. There may very probably exist other beings which can never 
have a perception of a complete undulation of the ether, and which scarcely dis- 
tinguish a feeble portion of one ; in fine, even these elementary portions will 
always appear too complex to certain other beings which perceive nothing but 
the individual movements and displacements of atoms. These considerations 
enable us to appreciate how very limited are our senses, for, as has just been 
seen, the human race occupies but a few degrees of the indefinite scale of sensi- 
bility. Herein, perhaps, is one of the principal motives why man is often diverted 
from truth, even while seeking it ; the instinctive repugnance which he feels to 
meditate upon simple and common phenomena, and to extend the laws which 
govern the domain that he is able to explore beyond the limits of his own sensi- 
bility, has led him to imagine complicated systems and to have recourse to the 
hypothesis of mysterious principles. 

These reflections lead us to another important consequence, namely, that if the 
philosophers who have considered our world as an atom in creation are right, 
under a certain point of view, we ought yet to recognize, with other philosophers, 
that each atom is a >wrld. Each atom possesses a proper activity, and is the 
seat of all the natural forces; these never manifest themselves outside of matter, 

[* The author is not warraated by the preaeat state of science to iuclade electricity in the 
same class with sound, light, and heat. In statical electrical repulsion, which manifests 
itself at a great distance, wo have a pheaomeuoo entirely oaitke any effect exhibited by sound, 

li«K or heat— J. H.J C" f^r^n]o 
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and matter without tbcse forces is a pare abstraction. If there were bat a single 
atom in the aniverse, it would always remain identical with itself; but the tend- 
ency of each atom to maintain its original activity is continnally countervailed 
by the action of other atoms and the undulations of the other. Wo ar% hence 
forced to admit that inertia and acHviftf are two facts inseparable from matter. 
We all know that in bodies which rcvoh'o upon an axis, inertia is manifested by 
a tendency of the particles to withdraw from that axis, a tendency which vanes 
in intensity with the velocity of the rotation. We may equally admit that in 
the molecular groups which constitute bodies, the force antagonistic to molecular 
gravitation is nothing else than the centrifugal force due to a rotary movement 
of each of the molecules around the centre of gravity of the group, and variable 
with the velocity of the molecules themselves, a velocity which is proportional 
to their temperatm*e. 

Sin^e heat generates electricity, either directly or indirectly, and electricity 
heat ; since all other forces are transfonned among themselves and are resolved 
into different forms of movement, we must thence necessarily conclude that any 
phenomena whatsoever can only proceed from the varied evolutions qf the primor- 
dial force which the Creator lias given to matter, qf which it is the active and insepa- 
rable principle ; as to the nature of that force it will, perhaps, always be hidden 
to the humanl ntellect 
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RADIATION. 



By John Tyndall.* 



I. — ^VISIBLE A^TD IXVISIBLB BABIATIOK. 

Between the mind of man and the outer world are interposed the nerves of 
the human body, which transhite, or enable the mind to transhite, the impres- 
sions of that world into facts of consciousness and thought, 
' Different n^erves are suited to the pei*ception of different impressions. We do 
not see with the ear, nor hear with the eye, nor are we rendered sensible of 
sound by the nerves of the tongue. Out of the general assemblage of physi- 
cal actions, each nerve, or group of nerves, selects and responds to those for the 
perception of which it is specially organized. 

The optic nerve passes from the brain to the back of the eye-ball and there 
spreads out, to form the retina, a web of nerve filaments, on which the images 
of external objects are projected by the optical portion of the eye. This nerve 
is limited to the apprehension of the phenomena of radiation, and, notwithstand- 
ing its marvellous sensibility to certain impressions of this class, it is singularly 
obtuse to other impressions. 

Nordoes the optic nerve embrace the entire range even of radiation. Some 
rays, when they reach it, are incompetent to evoke its power, while others never 
reach it at all, being absorbed by the humors of the eye. To all rays which, 
whether they reach the i*etina or not, fail to excite vision, we give the name of 
invisible or obscure rays. All non-luminous bodies emit such rays. There is 
no body in nature absolutely cold, and every body not absolutely cold emits 
rnys of heat. But to render radiant heat fit to affect the optic nerve a ceitain 
temperature is necessary. A cool poker thrust into a fire remains dark for a 
time, but when its temperature has become equal to that of the surrounding 
coals it glows like them. In like manner, if a current of electricity of ^adually 
increasing strength be sent through a wire of the refractory metal platmum, the 
wire fii*st becomes sensibly warm to the touch ; for a time its heat augments, 
still, however, remaining obscure; at length we can no longer touch the metal 
with impunity } and at a certain definite temperature it emits a feeble red light. 
As the current augments in power the light augments in brilliancy, until finally 
the wire appears of a dazzling white. The light which it now emits is similar 
to that of the sun. 

By means of a prism Sur Isaac Neu-ton unravelled the texture of solar light, 
and by the same simple instrument we can investigate the luminous changes of 
our platinum wire. In passing through the prism all its rays (and they are infi- 
nite in variety) are bent or refracted from their stnught course ; and as difl'erent 
rays are differently refracted by the prism, we are by it enabled to separate one 
class of rays from another. By such prismatic analysis Dr. Draper has shown 
that when the platinum wire first begins to glow the light emitted is a pure red. 
As the glow augments the red becomes more brilliant, but at the same time 
orange rays are added ^o the emission.. Augmenting the temperature still fur- 
ther, yellow rays appear beside the orange ; after the yellow, green rays are 
emitted ; and after the green come, in succession, blue, indigo, and violet rays. 

* The Rede Lecture, delivered in the senate house, before the university of Cambridge, 
Eugiaud, May 16, 1865. ^ ^ 

Digitized by VjOOQIC 



BADIATION. 293 

To display all these colors at the same time tbe platiniim wire most be whiter 
1u>t ; the impression of whiteness being in fact produced hy the simultaneons 
action of all these colors on the optic nerve. 

In the experiment just described we began with a platinum wire at an ordi* 
nary temperature, and gradually raised it to a white heat. At the beginning, 
and l)efore the electric current had acted at all upon the wire, it emitted invisi- 
ble mys. For some time after the action of the current had commenced, and 
even for a time after the wire had become intolerable to the touch, its radiation 
was still invisible. The question now arises. What becomes of these invisible^ 
rays when the visible ones make their appearance t It will be proved in the 
sequel that they maintain themselves in the radiation ; that a ray once emitted 
continues to .be emitted when the temperature is increased, and hence the emis- 
sion from our pbtinum wire, even when it has attained its maximum brilliancy, 
consists of a mixture of visible and invisible mys. If, instead of the platinum 
wire, the earth itself were raised to incandescence, the obscure radiation which 
it now emits wonld continue to be emitted. To reach incandescence the planet 
woukl have to pass through all the stages of non-luminous radiation, and the 
final emission would embrace the rays of all tl^se stages. There can hardlv 
be a doubt that from the sun itself rays proceed similar in kind to those which 
ihe dark earth pours nightly into space. In fact, the various kinds of obscure 
lays emitted by all the planets of our system are included in the present radia- 
tion of the sun. 

The great pioneer in this domain of science was Sir William HerscheL 
Causing a beam of solar light to pass through a prism, he resolved it into its 
colored constituents ; he formed what is technically called the solar spootram. 
Exposing thermometers to the successive colors he determined their heating 
power, and found it to augment from the violet or most refracted end to the red 
or least refracted end of the spectrum. But he did not stop here. Pushing his 
thermometers into the dark space beyond the red, he found that, though the 
light had disappeared, the radiant heat falling on the instruments was more 
intense than that at any visible part of the spectrum. In fact. Sir William 
Herschel showed, and his results have been verified by various philosophers 
since his time, that besides its luminous rays, the sun pours forth a multitude 
of other rays more powerfully calorific than the luminous ones, but entirely 
nnsuited to the purposes of vision. 

At the less refrungible end of the solar spectrum, then, the range of the sun's 
radiation is not limited by that of the eye. The same statement I4>plies to the 
more refrangible end. Hitter discovered the extension of the spectrum into the 
invisible region beyond the violet ; and, in recent times, this ultra-violet emis- 
sion has had pecnliar interest conferred upon it by the admirable researches of 
Professor Stokes. The complete spectrum of the sun coi^sists, therefore, of 
three distinct parts : Ist, of ultra-red rays of high heating power, but nnsuited 
to the purposes of vision ; 2d, of luminous rays which display the following 
succession of oolors : red, orange, yellow, green, blue, indigo, violet ; 3d, of 
nltra-violet rays which, like the ultra-red ones, are incompetent to excite vision, 
but, nnlike them, possess a very feeble heating power. In consequence, how- 
ever, of their chemical energy, these ultra-violet rays are of the utmost import-i 
ance to the organic world. 

n. — OR161N AlO) CHABACTBR OF RADIATIOK. THE ETHER. 

When we see a platinum wire raised gradually to a white heat and emitting 
in succession all the colors of the spectrum, we are simply conscious of a series 
of changes in the condition of our eyes. We do not see the actions in which 
these successive colors oiiginate, but the mind irresistibly infera that the appear- 
ance of the colors corresponds to certain contemporaneous changes in the wire, 
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What is the Datnre of these changes t In virtne of what condition does the 
wire radiate at all t We mnst now look from the whre as a whole to its con- 
stituent atoms. Could we see those atoms, even before the electric current has 
begim to act npon them, we should find them in a state of vibration. In this 
vibration indeed consists such warmth as the wire then possesses. Locke enun- 
ciated this idea with great precision, and it seems placed beyond the pale of 
doubt by the excellent quantitative researches of Mr. Joule. ''Heat/' says 
Locke, '' is a very brisk agitation of the insensible parts of the object, which 
produce in us that sensation from which we denominate the object hot i so what 
in our sensation is heat in the object is nothing but tnotionJ^ When the electiio 
current, still feeble, begins to pass through the wire, its first act is to intensify 
the vibrations already existing, by causing the atoms to swing through wider 
ranges. Technically speaking, the amplitudes of the oscillations are increased. 
The current does this, however, without altering the period of the old vibra- 
tions, or the time in which they were accomplished. But, be&idcs intensifying 
the old vibrations, the current generates new and more rapid ones, and when a 
certain definite rapidity has been attained the wire begins to glow. The color 
first exhibited is I'ed, which corresponds to the lowest rate of vibration of which 
the eye is able to take cognizance. By augmenting the strength of the electric 
current, more rapid vibrations are introduced, and orange rays appear. A 
quicker rate of vibration produces yellow, a still quicker green, and by fui-ther 
augmenting the rapidity we pass through blue, indigo, and violet, to the extreme 
ultra-violet rays. 

Such are the changes which science recognizes in the wu-e itself, as concur- 
rent with the visual changes taking place in the eye. But what connects tho 
wire with this organ t By what means does it send such intelligence of its 
vai-ying condition to the optic nerve t Heat being, as defined by Locke, '* a 
very brisk agitation of the insensible parts of an object," it is readily conceiv- 
able that on taucJiing a heated body the agitation may communicate itself to the 
adjacent nerves, and announce itself to them as light or heat. But the optic 
nerve does not touch the hot platinum, and hence the pertinence of the question, 
By what agency are the vibrations of the wire transmitted to the eye t 

The answer to this question involves, perhaps, the most important physical 
conception that the mind of man has yet achieved ; the conception of a medium 
filling space and fitted mechanically for the transmission of tho vibrations of 
light and heat, as air is fitted for the transmission of sound. This medium is 
called the luminiferous etlier. Every shock of eveiy atom of our platinum wire 
raises in this ether a wave, which speeds through it at the rate of 186,000 miles 
a second. Tho ether suflers no rupture of continuity at the surface of the eye, 
the inter-molecular spaces of the various humors are filled with it ; hence tiie 
waves generated by the glowing platinum can cross these humora and impinge 
on the optic nerve at the back of the eye, Thus the sensation of light reduces 
itself to the communication of motion. Up to this point we deal with pure 
mechanics ; but the subseoucnt translation of the shock of the ethereal waves 
into consciousness eludes the analysis of science. As an oar dipping into the 
Cam generates systems of waves, which, speeding ft-om the centre of distmbance, 
finally stir the sedges on the* river's bank, so do the vibrating atoms generate in 
the suiTounding ether imdulations, which finally stir the filaments of tho retina. 
Tho motion thus imparted is transmitted with measurable and not very great 
velocity to the brain, where, by a process which science does not even tend to 
unravel, the tremor of the nervous matter is converted into the conscious impres- 
sion of light. 

Darkness might then be defined as ether at rest ; light as ether in motion. 
But in reality the ether is never at rest, for in the absence of b'ght- waves we 
have heat-waves always speeding through it. In the spaces of the universe 
both classes of undulations incessantly commingle. Here the waves issuing 
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from Qncocinted centres cross, coinculey oppose, and pass throagh each otbor, 
witboat confusion or nltimate extinction. The waves from the zenith do not 
jostle ont of existence those from the horizon, and every star is seen across the 
entanglement of wave motions produced by all other stai's. It is tbe ceaseless 
thrill which those distant orbs collectively create in the ether which constitutes 
what we call the temperature qf space. As the air of a room accommodates itself 
to the requirements of an orchestra, transmitting each vibration of every pipe and 
string, so does the inter-stellar ether accommodate itself to the requirements of 
light and heat. Its waves mingle in space without disorder, each being endowed 
with an individuality as indestructible as if it alone had disturbed the univei-sal 
repose. 

All vagueness with regard to the use of the terms radiation and absorption 
will now disappear. Radiation is the communication of vibratory motion to the 
ether, and when a body is said to be chilled by radiation, as, f(»r example, tlie 
grass of a meadow on a starlight night, the meaning is, that the molecules of 
the grass have lost a portion of their motion by imparting it to tbe medium in 
which they vibrate. On the other band, the waves of ether once generated, 
may so strike against the molecules of a boily exposed to their action as to yield 
up their motion to the latter ; and in this transfer of the motion from the ether 
to the molecules consists tbe absorption of I'adiant heat. All the phenomena of 
heat are in this way reducible to interchanges of motion ; and it is purely as the 
recipients or tbe donors of this motion that we ourselves become conscious of 
the action of heat and cold. 

m. — ^THE ATOMIC THEORY IN BEFEBE^CE TO THE ETHEB. 

The vord " atoms " has been more than once employed in this discourse. 
Chemists have taught us that all matter is reducible to certain elementary forms, 
to which they give this name. These atoms are endowed with powers of mutual 
attraction, and under suitable chcumstances they coalesce to form compounds. 
Thus oxygen and hydn>gen are elements when sepamte, or merely mixedy but 
they may be made to cominne so as to form molecules, each consisting of two 
atoms of hydrogen and one of oxygen. In thi.'* condition they constitute water. 
So also chlorine and sodium are elements, the former a pungent gas, the latter a 
soft metal ; and they unite together to form chloride of sodium or common salt. 
In the same way the element nitrogen combines with hydrogen, in the propor- 
tion of one atom of the former to three of the latter, to fonn ammonia, or spirit 
of hartshorn. Picturing in imagination the atoms of elementaiy bodies as little 
spheres, the molecules of compound bodies must be pictured as groups of such 
spheres. This is the atomic theory as Dalton conceived it. Now, if this theory 
have any foundation in fact, and if the theoiy of an ether pervading space, and 
constituting the vehicle of atomic motion, bo founded in fact, wo may assuredly 
expect the vibrations of elementary bodies to be profoundly modifie<l by the act 
of combination. It is on the face of it almost certain that, both as regards radi- 
ation and absorption, that is to say, both as regards the communication of motion 
to the ether and the acceptance of motion from it, the deportment of the uncom- 
bined will be different from that of the combined aioms. 

rv. — ABSORPTION OF BADIANT HBAT BY GASES. 

We have now to submit these considerations to the only test by which they 
can be tried, namely, that of experiment. An experiment is well defined as a 
question put to Nature ; but to avoid the risk of asking amiss, we ought to purify 
the question from all adjuncts which do not necessarily belong to it. Matter 
has been shown to be composed of elementary constituents, by the cc»mpoundin^ 
of which all its varieties are produced. But besides the chemical unions which 
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libey forni, both elementary and compoand bodies can nnite in another and less 
.intimate way. By the attraction of cohesion gases and vapors aggregate to 
liquids and solids without any change of their chemical nature. We do not yet 
know bow the transmission of radiant heat may be affected by the entanglement 
duo to cohesion, and as onr object now is to examine the innoence of chemical 
union alone, we shall render our experiments more pnre by liberating the atoms 
and molecules entirely from the bonds of cohesion, and employing them in the 
gaseous or vaporous form. 

Let us endeavor to obtain a perfectly clear mental image of the problem now 
before us. Limiting, in the firnt place, onr inquiries to the phenomena of absorp- 
tion, we have to picture a succession of waves issuing from a radiant source and 
passing through a gas ; some of them striking against the gaseous molecnles 
and yielding up their motion to the latter ; others gliding round the molecules, 
or passing through the inter-molecular spaces without apparent hindeiance. The 
problem before us is to determine whether such free molecules have any power 
whatever to stop the waves of heat, and if so, whether different molecules pos- 
sess this power in different degrees. 

The source of waves which I shall choose for these experiments is a plate of 
copper, against the back of which a steady sheet of flame is permitted to play. 
On emerging from the copper, the waves, in the first instance, pass through a 
space devoid of air, and then enter a hollow glass cylinder three feet long and 
three inches wide. The tw.o ends of this cylinder are stopped by two plates of 
rock salt, this being the only solid substance which offers a scarcely sensible 
obstacle to the passage of the calorific waves. After passing through the tube, 
.the radiant heat falls upon the anterior face of a thermo-electric pile, where it ifl 
instantly applied to the generation of an electric cuiTent. This current con- 
ducted round a magnetic needle deflects it and the magnitude of the deflection 
is a measure of the heat falling upon the pile. This famous instrument, and 
not an ordinary thermometer, is what we shall use in these inquiries, but we 
shall use it in a somewhat novel way. As long as the two opposite faces of the 
thermo-electric pile are kept at the same temperature, no matter how high that 
may be, there is no current generated. The current is a consequence of a differ- 
ence of temperature between the two opposite faces of the pile. Hence, if after 
the anterior face has received the heat from our radiating source, a second 
source, which we may call the compensating source, be permitted to radiate 
against the posterior face, this latter radiation will tend to neutralize the former. 
When the neutralization is perfect, the magnetic needle connected with the pile 
is no longer deflected, but points to the zero of the graduated circle over which 
it hangs. 

An (I now let us suppose the glass tube, through which pass the waves from 
the heated plate of copper, to be exhausted by an air-pump, the two sources of 
heat acting at the same time on the two opposite faces of the pile. Perfectly 
equal quantities of heat being imparted to the two faces, the needle points to 
zero. Let the molecnles of any gas be now pcnnitted to enter the exhausted 
tube J if these molecules possess any sensible power of intercepting the calorifio 
waves, the equilibrium previously existing will be destroyed, the compensating 
source will triumph, and a Reflection of the magnetic needle will be the imme- 
diate consequence. From the deflections thus produced by different gases we 
can readily deduce the relative amounts of W'ave motion which their molecules 
intercept. 

In this way the substances mentioned in the following table were examined, 
a small portion only of each being admitted into the glass tube. The quantity 
admitted was just sufficient to depress a column of mercury associated with tbe 
tube one inch : in other words, the gases were examined at a pressure of one- 
thirtieth of an atmosphere. The numbers in the table express the i-elativo 
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amonnts of wave motion absorbed by the respeotiye gases, the qiiant'ty inter- 
cepted by atmospherio air being taken as unity. 



BadiaHon U^rtmgh gases. 



Name of gas. 

Air 

Oxygen 

Nitrogen . . . 
Hydrogen . 



Belative absoiption. 

1 

1 

1 

1 



Name of gas. Belative absorption. 

Nitric oxide. 1,590 

Nitrous oxide 1,860 

Sulphide of hydrogen 2,100 

Ammonia 5,460 

defiant gas 0,030 

Sulphurous aoid 6,4S0 



Carbonic oxide. . . .r 750 

Carbonic acid 972 

Hydrochloric acid 1,005 

Every gas in this table is perfectly transparent to light — that is to say, all 
waves within the limits of the visible spectmm pass through it without obstruc- 
tion ; but for the waves of slower period, emanating from our heated plate of 
copper, enormous differences of absorptive power are manifested. These differ- 
ences illustrate in the most unexpected manner the iufluouce of chemical com- 
bination. Thus the elementary gases, oxygen, hydrogen, and nitrogen, and the 
mixture atmospheric air, prove to be practical vacua to the rays of heat ; for 
every ray, or, more strictly speaking, for every unit of wave motion, which any 
one of them is competent to intercept, perfectly ti'ansparent ammonia intercepts 
5,460 units, defiant gas 6,030 units, while sulphurous acid gas absorbs 6,480 
units. What becomes of the wave motion thus intercepted t It is applied to 
the heating of the absorbing gas. Through air, oxygen, hydrogen, and nitro- 
gen, on the contrary, the waves of ether pass without absorption, and these gases 
are not sensibly changed in temperature by the most powerful calorific rays. The 
position of nitrous oxide in the foregoing table is worthy of particular notice 
In this gas we have the same atoms in a state of chemical union that exisi 
uncombiAed in the atmosphere ; but the absorption of the compound is 1,80C 
times that of the air. 

V. — FORMATION OF INVISIBUB FOCI. 

This extraordinary deportment of the elementary gases naturally directs 
attention to elementary bodies in another state of aggregation. Sotno of Mel- 
loni's results now attained a new significance \ for this celebrated eacperimenter 
had found crystals of the element sulphur to be highly pervious io radiant heat ; 
he had also proved that lampblack and black glass (which owes its blackness 
to the element carbon) were to a considerable extent transparent to calorific lays 
of low rcfrangibility. These facts, harmonizing so strikingly with the deport 
ment of the simple gases, suggested farther inquiry. Sulphur dissolved in bisul- 
phide of carbon was found almost perfectly transparent. The dense and deeply 
colored element bromine was examined, and found ciirapetent to cut off the light 
of our most brilliant flames, while it transmitted tiie invisible calorific rays with 
extreme freedom. Iodine, the companion element of bromine, was next thought 
of, but it was found impracticable to examine che substance in its usual solid 
condition. It, however, dissolves freely in bisulphide of carbon. There is no 
chemical union between the liquid and the iodine; it is simply a case of solution, 
in which the uncombined atoms of the element can act upon the radiant heat. 
"When permitted to do so, it was found that a layer of dissolved iodine, sufficiently 
opaque to cut off the light of the mid-day sun, was almost absolutely transparent 
to all invisible calorific rays. 

By prismatic analysis Sir William Herschol separated the luminous from the 
non-luminous rays of the sun, and he also sought to render the obscure rays visi- 
ble by concentration. Intercepting the luminous portion of his spectrum he 
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bronght, by a converging lens, the ultra-red rays to a foons, but by tbis conden- 
sation he obtained no light. The solution of iodine offers a means of filtering 
the solar beam, or, failing it, the beam of the electric lamp, which renders attain- 
able more powerful foci of invisible rays than could possibly be obtained in the 
above experiment by Sir William Herschel ; for to form his spectrum he was 
obliged to operate upon solar light which had passed through a narrow slit or 
through a small aperture, the amount of the obscure heat admitted being limited 
by this circumstance. But with our opaque solution we may employ the entire 
surface of the largest lens, and, having thus converged the rays, luminous and 
non-luminous, we can intercept the former by the iodine, and do what we please 
with the latter. Experiments of this character, not only with the iodine solution, 
but also with black glass and layers of lampblack, were publicly performed at 
the Royal Institution in the early part of 1862, and the effects at the foci of 
invisible rays then obtiuned were such as had never been witnessed previously. 
In the experiments here referred to, glass lenses were employed to concentrate 
the rays. But glass, though highly transparent to the luminous, is in a high 
degree opaque to the invisible heat-rays of the electric lamp, and hence a large 
portion of those rays was intercepted by the glass. The obvious remedy here is 
to employ rock-salt lenses instead of glass ones, or to abandon the use of lenses 
wholl3' and to concentrate the rays by a metallic mirror. Both of these improve- 
ments have been introduced, and, as anticipated, the invisible foci have been 
thereby rendered more intense. The mode of operating remains, however, the 
same in principle as that made known in 1862. Jt was then found that an 
instant's exposure of the face of the thermo-electric pile to the focus of invisible 
rays dashed the needles of a coarse galvanometer violently aside. It is now 
found that on substituting for the face of the thermo-electric pile a combustible 
body, the invisible rays are competent to set that body on fire. 

VT. — ^VISIBLE AND INVISIBLE BATS OP THE ELECTBIC LIGHT. 

We have next to examine what proportion the non-luminous rays of the elec- 
tric light bear to the luminous ones. This the opaque solution of iodine enables 
us to do with an extremely close approximation to the truth. The pure bisul- 
phide of carbon, which is the solvent of the iodine, is perfectly transparent to 
the luminous, and almost perfectly transparent to the dark rays of the electric 
lamp. Through the transparent bisulphide the total radiation of the lamp may 
be considered to pass, while through the solution of iodine only the dark rays 
are transmitted. Detennining, then, by means of a thermo-electric pile, the 
total radiation, and deducting from it the pm-ely obscure, we obtain the amount 
of the purely luminous emission. Experiments, performed in this way, prove 
that if all the visible rays of the electric light were converged to a focus of daz- 
zling brilliancy, its heat would only be one-ninth of that produced at the unseen 
focus of the invisible rays. 

Exposing his thermometers to the successive colors of the solar spectrum. Sir 
William Herschel determined the heating power of each, and also that of the 
region beyond the extreme red. Then drawing a straight line to represent the 
length of the spectrum, he erected, at various points, perpendiculars to represent 
the culoriiic intensity existing at those points. Uniting the ends of all his per- 
pendiculars, ho obtained a curve which showed at a glance the manner in which 
the lieat was distributed in the solar spectrum. Professor Muller, of Freiburg, 
with improved instruments, afterwards made similar experiments, and constructed 
a more accurate diagram of the same kind. We have now to examine the dis- 
tribution of heat in the spectrum of the electric light ; and for this purpose we 
shall employ a particular form of the thermo-electric pile, devised by Melloni. 
Its face is a rectangle, which, by means of movable side pieces, can be rendered 
as narrow as desired. W^e can, for example, have the face of the pile the tenth, 
the hundredth, or even the thousandth of an inch in breadth. By means of an 
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endless screw, this linear thermo-electrio pile may be moved* throngh the entire 
spectrum, each of its rays being selected in succession, the amount of heat fall- 
ing upon the pile at every point of its march being declared by an associated 
magnetic needle. 

When this instrument is brought up to the violet end of the spectrum of the 
electric light, the heat is found to be insensible. As the pile gradually moves 
from the violet end towards the red, heat soon manifests itself, augmenting as 
we approach the red. Of aU the colors of the visible spectrum the red possesses 
the highest heating power. On pushing the pile into the dark region beyond 
the red, the heat, instead of vanishing, rises suddenly and enormously in inten- 
sity, until at some distance beyond the red it attains a maximum. Moving the 
pile still forward, the thermal power. falls, somewhat more suddenly than it rose. 
It then gradually shades away, but for a distance beyond the red gieatcr than 
the length of the whole visible spectrum, si^s of heat may be detected. Draw- 
ing, as Sir William Herschel did, a datum Tine, and erecting along it perpendic- 
ulars proportional in length to the thermal intensity at the respective points, we 
obtain the extraordinary curve which exhibits the distribution of ))eat in the 
spectrum of the electric light. In the region of dark rays beyond the red, the 
curve shoots up in a steep and massive peak — a kind of Matterhom of heat, 
which dwarfs by its magnitude the portion of the diagram representing the 
luminous radiation. Indeed, the idea forced upon the mind by the inspection of 
this diagi-am is that the light rays are a mere insignificant appendage to the 
dark ones, thrown in as it were by nature for the purposes of vision. (See figure, 
where the space ABCD represents the non-luminous; and CBE the luminous 
radiation.) 




The diagram drawn by Professor MuUer to represent the distribution of heat 
in the solar spectrum is not by any means so striking as that just described, and 
the reason, doubtless, is that prior to reaching the earth the solar rays have to 
traviirse our atmosphere. The aqueous vapor there diffused acts very energeti- 
cally upon the ultra red rays, and by it the summit of the peak representing the 
sun's invisible radiation is cut oif. A similar lowering of the mountain of invisi- 
ble heat is observed when the rays from the electric light are permitted to pass 
through a film of water, which acts upon them as the atmospheric vapor acts 
upon the rays of the sun. 

Vir.— COMBUSTION BY INVISIBLE RAYS. 

The sun's invisible rays transcend the visible ones in heating power, eo that 
if the alleged performances of Archimedes during the siege of Syracuse had any 
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foundation in h/d, the daik solar rays woold have been the philoeopher's chief 
agents of combastion. On a small scale we can readily prodoce, with the purely 
invisible rays of the electric light, all diat Archimedes is said to have performed 
with the son's total radiation. Placing behind the electric light a small concave 
mirror, the rays are converged, the cone of reflected rays and their point of 
convergence being rendeied clearly visible by the dust always floating in the 
air. Interposing between the Inminous focas and the scarce of rays oar solution 
of iodine, the light of the cone is entirely oat away, but the intolerable heat 
experienced when the hand is placed, even for a moment, at the dark focus, shows 
that the calorific rays pass unimpeded through the opaque solation. 

Almost anything that ordinary fire can effect may be accomplished at the focus 
of invisible rays, the air at the focus remaining at the same time perfectly cold, 
on account of its transparency to the heat-rays. An air thermometer with a hol- 
low rock-salt bulb woald be unaffected by the heat of the focus; there would be 
no expansion, and in the open air there is no convection. The ether at tho focus, 
and not the air, is the substance in which the heat is embodied. A block of wood 
placed at the focus absorbs the heat, and dense volumes of smoke rise swiftly 
upwards, showing the manner in which the air itself would nse if the invisible 
rays were competent to heat it. At the perfectly dark focus dry paper is instantly 
inflamed; chips of wood are speedily burnt up; lead, tin, and zinc are fused; and 
discs of charred paper are raised to vivid incandescence. It might be supposed that 
the obscure rays would show no preference for black over white, but they do show 
a preference, and to obtain rapid combustion, the body, if not already black, ought 
to bo blackened. When metals are to be burned, it is necessary to blacken or 
otherwise tarnish them, so as to diminish their reflective power. Blackened zinc 
foil, when brought into the focus of invisible rays, is instantly caused to blaze, 
and bums with its peculiar purple flame. Magnesium wire flattened, or tarnished 
magnesium ribbon, also bursts into splendid combustion. Pieces of charcoal suh- 
pended in a receiver full of oxygen ai'c also set on fire, the dark rays after having 
passed through the receiver still possessing sufficient power to ignite the charcoal, 
and thus initiate the attack of the oxygen. If, instead of being plunged in oxy- 
gen, the charcoal be suspended in vacuo, it immediately glows at the place whore 
the focus falls. 

• Vin. — TRANSMUTATIOJf OF RATS : CALOEESCENCE.* 

Eminent experimenters were long occupied in demonstrating the substantial 
identity of light and radiant heat, and we have now the means of offering a now 
and striking proof of this identity. A concave mirror produces beyond the 
object which it reflects an inverted and magnified image of the object ; with- 
drawing, for example, our iodine solution, an intensely luminous inverted image of 
the carbon points of the electric light is foi-med at the focus of the mirror employed 
in the foregoing experiments. When the solution is interposed and the light is 
cut away, what becomes of this image ? It disappears from sight, but an invisi- 
ble theimograph remains, and it is only the peculiar constitution of our eyes that 
disqualifies us from seeing the picture formed by the calorific rays. Falling on 
white paper, the image chars itself out ; falling on black paper, two holes are 
pierced in it, corresponding to the images of the two coal points ; but falling on 
a thin plate of carbon in vacuo, or upon a thin sheet of platinized plantinum, 
either in vacuo or in air, radiant heat is converted into light, and the image stamps 
itself in vivid incandescence upon both the carbon and the metal. Results similar 
to those obtained with the electric light have also been obtained with the invisi- 
ble rays of the lime light and of the sun. 

Before a Cambridge audience, it is hardly necessary to refer to the excellent 
researches of Professor Stokes at the opposite end of the spectrum. The above 
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resnits oonstitate a kind of complement to his disooveries. Profemor Stokes 
nnined the phenomena which he has discovered and investigated, Flmreseenoe; 
for the new phenomena here described, I have proposed the term CkUorescence, 
He, by the interposition of a proper medium, so lowered the refrangibility of the 
ultra-violet rays of the spectram as to render them visible ; and here, by the 
interposition of the plantinum foil, the refrangibility of the ultra-red rays is so 
exalted as to render them vimble*. Looking through a prism at the incandescent 
image t>f the carbon points, the light of the image is decomposed and a com- 
plete spectrum obtained. The invisible rays of the electric light, remolded by 
the atoms of the platinmn, shine thus visibly forth-^-altia-red rays being con- 
Tcrted into red, orange, yellow, green, blue, indigo, and ultra-violet ones. Could 
we, moreover, raise the original source of rays to a sn£S.ciently high temperature^ 
we might not only obtain from the dark rays of such a source a single incandes- 
cent image, but from the dark rays of this image we might obtain a second one, 
from the dark rays of the second a third, and so on — ^a series of complete images 
and spectra being thus extracted from the invisible emission of the primitive 
source.* 

IZ.--*DBADNES8 OF THB OPTIC KEBVB TO THB CALORIFIC BAYS. 

The layer of iodine used in the foregoing experiments, when placed before 
the eye, intercepted the light of the noonday sun. No trace of light from the 
electric lamp was visible, even in the darkest room, when a white screen was 
placed at the focus of the mirror. It was thought, however, that if the retina 
itself were brought into the focus the sensation of light might be experienced. 
The danger of this experiment was twofold. If the dark rays were absorbed in 
a high degree by the humors of the eye the albumen of the humors might coa^i- 
late along the line of the rays. If, on the contrary, no such high absorption 
took place, the rays might reach the retina with a force sufficient to destroy it. 
To test the likelihood of these results experiments were made on water and on 
a solution of alum, and they showed it to be very improbable that in the brief 
time requisite for an experiment any serious damage could be done. The eye 
was, therefore, caused to approach the dark focus, no defence in the first instance 
being provided ; but the heat acting upon the parts surrounding the pupil could 
not be borne. An aperture was therefore pierced in a plate of metal, and the 
eye placed behind the aperture was caused to approach the point of convergence 
of invisible rays. The focus was attained, first by the pupil and afterwards l)y 
the retina. Eemoving the eye, but permitting tile plate of metal to remain, a 
sheet of platinum foil was placed in the position occupied by the retina a moment 
before. The platinum became red-hot. No sensible damage was done to the 
eye by this experiment ; no impression of light was produced ; the optic nerve 
was not even conscious of heat. 

But the humors of the eye are known to be highly impervious to the invisible 
calorific rays, and the question therefore arises, '' did the radiation in the fore- 

* On investigadnfr the calorescence prodaoed by rajs transmitted through glasses of vari- 
ous colors, it was foand that ia the ease of certain specimens of blae glass the pU* 
tinnm foil glowed with a pink or purplUh light. The effect was not subjective, and consid- 
erations of obvioas interest are sQggCM»ted by it. Different kinds of black fj^lass differ notably 
as to their power of transmitting radiant heat In tbin plates some descriptions tint the sua 
with a greenish hoe ; others make it appear a glowing red without any trace of green. The 
latter are by for more diathermic than the former. In fact, carbon, when perfectly dissolved, 
and incorporated with a good white glass, is highly transparent to the calorific ravs, and by 
employing it as an absorbent, the phenomena of *' calorescence" may be obtaiued, though in a 
less striking form than with the iodme. The black glass chosen for thermometers, and intended 
to absorb completely the solar heat, may entirely fail in this object if the glass in which the car- 
bon is incorporated be colorless. To render the bulb of e. thermometer a perfect absorbent, the 
^lass with which the carbon is incorporated ouffht in the first instance to be green. Soon 
after the discovery of flnorescence, Dr. W. A. Miller pointed to the lime light as an illusfra- 
tion of exalted refrangibility. Direct experiments have since entirely confirmed tho view> 
expressed at page 21U of his work on Chemistry, published in 185«5. ^ ^ 
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going experiment reach tbe retina at allt" The answer is that the rays were in 
part transmitted to the retina, and in part absorbed by the hamois. Experi- 
ments on the eye of an ox showed that the proportion of obsonre rays which 
reached the retina amounted to 18 per cent, of the total radiation, while the 
luminous emission from the electric light amounts to no more than 10 per cent 
of tbe same total. Were the piu^ly luminous rays of the electric lamp oonveiged 
by our mirror to a focus, there can bo no doubt as to the fate of a retina placed 
there. Its ruin would be inevitable ; and yet this would be accomplished by 
an amount of wave motion but little more than half of that which the redna bears 
without being conscious of it at the focus of invisible rays. 

This subject will repay a moment's further attention. At a common distance 
of a foot the visible radiation of the electric light is 800 times the light of a 
candle. At the same distance, that portion of the radiation of the electric light 
which reaches the retina but fails to excite vision is about 1,500 times the lumin- 
ous radiation of the candle.* But a candle on a clear night can readily be seen 
at a distance of a mile, its light at this distance being less than one 20,000,000th 
of its light at the distance of a foot. Hence, to make the former equal in power 
to the non-luminous radiation received from the electric light at a foot dis- 
tance, its intensity would have to be multiplied by 1,500x20,000,000, or by 
30,000,000,000. Thus the thirty thousand millionth part <^ the radiation from 
the electric light, received unconsciously by the retina at the distance of a foot^ 
would, if slightly changed in character, be amply sufficient to provoke vision. 
Nothing could more forcibly illustrate that special relationship supposed hj 
Hellom and others to subsist between the optic nerve and the oscillating periods 
of luminous bodies. Like a musical string, the optic nerve responds to the waves 
with which it is in consonance, while it refuses to be excited by others of almost 
infinitely greater energy, whose periods of recurrence axe not in unison with its 
own. 

X. — ^PBRSISTBNCB OE BAYS. 

At an early part of this lecture it was affirmed that when a platinum wire was 
gradually raised to a state of high incandescence, new rays were constantly 
added, while the intensity of the old ones was increased. Thus in Dr. Draper's 
experiments the rise of temperature that generated the orange, yellow, greon, and 
blue rays augmented the intensity of the red ones. What is true of the red is 
true of eveiy other ray of the spectrum, visible and invisible. We cannot indeed 
see the augmentation of intensity in the region beyond the red, but we can 
measure it and express it numerically. With this view the following experiment 
was performed : A spiral of platinum wire was surrounded by a smaU glass globe 
to protect it from cunents of air; through an orifice in the globe the rays could 
pass from the spiral and fall afterwards upon a thermo-electric pile. PlaciD^ in 
front of the orifice an opaque solution of iodine, the platinum was gradoally 
raised froma low dark heat to the fullest incandescence, with the following i^aalts: 



Appearance of spiraL 



Energy of ob- 
Bcure radiation. 



Dark 1 

Dark, but hotter 3 

Dark, but still hotter 5 

Dark, but still hotter 10 

Feeble red 19 

Dull red 25 

Red 37 



Appeaianoe of spiraL 



Energy of ob- 
scure ladialioiu 



Full red 62 

Orange 89 

Bright orange 144 

Yellow 202 

White 27S 

Intense white 440 



* It will be borne in mind that the beat which any ray, luminous or non-lumxn»as, is 
peteut to generate is the true measure of the energy of the ray. y^ t 
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Thns the angmentation of the electric cnrrent, wLich raises the wire from its 
primitive dark condition to an intense white heat, exalts at . the same time the 
energy of the obsoore radiation, until at the e^d it is folly 440 times what it was 
at the beginning. 

What has been here proved true of the totality of the nltra-red rays is tme for 
each of them singly. Placing onr linear thermo-electric pile in any part of the 
ulti*a-red spectrum, it may be proved that a ray once emitted continues to be 
emitted with increased energy as the temperature is augmented. The platinum 
spiral so often referred to being raised to whiteness by an electric current, a bril- 
liant spectrum was formed from its light. A linear thermo-electric pile was 
placed in the region of obscure rays beyond the red, and by diminishing the 
cuiTent the spiral was reduced to a low temperature. It was then caused to pass 
through various degrees of dai'kness and incandescence, with the following i-esults: 



Appearance of spiral. 



Energy of ob* 
scure rays. 

Dark 1 

Dark 6 

Faint red 10 

Dull red 13 

Red 18 



Appearance of spiral. 



score rays. 

Full red 27 

Orange 60 

Yellow 93 

FuUwhite 122 



Here, as in the former case, the dark and bright radiation reached their maxi- 
mum together ; as the one augmented the other angnientcd> until at last the 
energy of the obscure rays of tne particular refrangibility here chosen became 
122 times what it was at first. To reach a white heat the wire has to pass 
through all the stages of invisible radiation, and in its most brilliant condition it 
fitill embraces, in an intensified form, the rays of all those stages. 

And thus it is with all other kinds of matter, as far as they have hitherto been 
examined. Coke, whether brought to a white heat by the electric current, or by 
the oxyhydrogen jet, pours out invisible rays with augmented energy as its light 
is increased. The same is true of lime, bricks, and other substances. It is true 
of all metals which are capable of being heated to incandescence. It also holds 
good for phosphoiTis burning in oxygen. Every ffush of dazzling light has 
associated with it a gush of invisible radiant heat, which far transcends the light 
in energy. This condition of things applies to all bodies capable of being raised 
to a white heat, either in the solid or the molten condition. It would doubtless 
also apply to the luminous fogs formed by the condensation of incandescent 
vapora. In such cases, when the curve representing the radiant energy of the 
body is constructed, the obscure iiidiation towers upwards like a mountain, the 
luminous radiation resembling a mere spur at its base. 

What, then, is the real origin of the luminous radiation t We find it appear- 
ing when the radiating body has attained a certain temperature ; or, in other 
words, when the vibrating atoms of the body have attained a cei-tain width of 
Bwing. In solid and molten bodies a certain amplitude cannot be siu7)a8sed 
without the introduction of periods of vibration, which provoke the sense of vision. 
If permitted to speculate, one might ask, are not these more rapid vibrations the 
product of the slower f Is it not really the mutual lustion of the atoms, when 
they swing through very wide spaces, and thus encroach upon each other, that 
causes them to tremble in quicker periods f If so, it matters not by what agency 
the large swinging space is obtained ; we shall have light-giving vibrations 
associated with it. It matters not whether the large amplitudes are produced by 
the strokes of a hammer, or by the blows of the molecules of anon-luminous gas^ 
BQch as the air at some height above a gas-flame ; or by the shock of the ether ' 
particles when transmitting radiant heat. The result in all cases will be incan* 
desceuce. Thus the invisible waves of our filtered electric beam. /With which 
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iDcandesoeitce has been produced, may be r^arded as generating sjmcbronoas 
vibratioDs in the platinum on which they impinge ; but once these vibrations 
attain a certain amplitude, the mutual jostling of the atoms would produce quicker 
tremors, and the light-giving waves would follow as the necessary progeny of 
the heat-giving vibrations. From the very brightness of the light of some of 
the fixed stars we may infer the intensity of the dark radiation, which is the 
precursor and inseparable associate of their luminous rays. 

ZI. — ^ABSOBPTIOK OF RADIANT HEAT BY VAPORS AND ODORS. 

We commenced the demonstrations brought forward in this lecture by experi- 
ments on permanent gases, and wc have now to turn our attention to the vapors 
of volatile liquids. Hero, as in the case of the gases, vast differences have been 
proved to exist between various kinds of molecules, as reganls their power of 
intercepting the caloi'ific waves. While some vapors allow the waves a a>m- 
paratively free passage, in other cases the minutest bubble of vapor, introduced 
into the tube already employed for gases, causes a deflection of the magnetic 
needle, i Assuming the absorption effected by air at a pressure of one atmosphere 
to be unity, the following are the absorptions effected by a series of vapors at a 
pressure of ^^th of an atmospheio : 



Name of vapor. Absorption. 

Bisulphide of carbon 47 

Iodide of methyl 115 

Benzol 136 

Amylene 321 



Name of vapor. Absorption. 

Sulphuric ether. 140 

Forniic ether 548 

Acetic ether 612 



Bisulphide of carbon is the most transparent vapor in this list, and acetic 
ether tbo most opaque ; ^'gth of an atmosphere of the former, however, pro- 
duces 47 times the eHect of a whole atmosphere of air, while ^th of an atmo- 
sphere of the latter produces 612 times the effect of a whole atmosphere of air. 
Reducing dry air to the pressure of the acetic ether here employed, and comparing 
them then together, the quantity of wave motion intercepted by the latter would 
be many thousand times that intercepted by the air. 

Any one of these vapors discharged in the frpe atmosphere, in front of a body 
emitting obscure rays, intercepts more or less of the raifiation. A similar effect 
is produced by perfumes diffused in the air, though their attenuations is known 
to be almost infinite. Carryinff, for example, a current of dry air over bibulous 
paper moistened by patchouli, tnc scent taken up by the current absorbs 30 times 
the quantity of heat intercepted by the air which canies it ; and yet patchouli 
acts more feeblv on i-adiant neat than any other perfume yet examined. Here 
follow the results obtained with various essential oils, the odor, in each case, 
being carried by a current of dry air into the tube already employed for gases 
and vapors: 



Name of perfume. Absorption. 

Patchouli, 30 

Sandal wooil 32 

Geranium 33 

Oil of cloves 34 

Otto of roses 37 

Berganiot 44 

Neroli 47 

Lavender , 60 

Lemon 65 



Name of perfume. Absorption. 

Portugal 67 

Thyme 68 

Rosemary 74 

Oil of laurol 80 

Camomile flowers 87 

Cassia 109 

Spikenard 365 

Aniseed 372 
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Thns tLe absorptioD by a tube fall of dry «r being one, that of the odor of 
patchouli diffused in it is 30, that of lavendei 60, that of rosemair 74, while that 
of aniseed amounts to 372. It would be idle to speculate on the quantities of 
matter concerned in these actions. 

XII. — ^AQUEOUS VAPOR IN BELATIOIT TO TBRBE8TRIAL TEMPBRATXmBS. 

We are now fully prepared for a result which, without such preparation, might 
appear incredible. "Water is, to some extent, a volatile body, and our atmo- 
sphere, resting as it does upon the suil'ace of the ocean, receives from it a con- 
tinuous supply of aqueous vapor. It would be an eiTor to (X)nfonnd clouds of 
fog or any visible mist with the vapor of water ; this vapor is a perfectly impal- 
pable gas, diffused, even on the clearest days, throughout the atmosphere. Com- 
pared mth the great body of the lur, the aqueous vapor it contains is of almost 
infinitesimal amount, 99 J out of every 100 pai-ts of the atmosphere being com- 
posed of oxygen and nitiogen. In the absence of expenment we should never 
think of ascribing to this scant and varying constituent any important influence 
on teiTcstrial radiation ; and yet its influence is iar more i>otent than that of the 
great body of the air. To say that on a day of aveiage humidity in England 
the atmosphenc vapor exeits 100 times the action of tie air itself, would certainly 
be an understatement of the fact. The peculiar qualities of this vapor, and the 
circumstance that at ordinaiy temperatures it \» very near its point of condensa- 
tion, render the results which it yields in the apparatus, already described less 
than the truth ; and I am not prepared to say that the absoqUion by this sub- 
stance is not 200 times that of the air in \\hich it is diffused. Comparing a 
single molecule of aqueous vapor with an atom of either of the main constitu- 
ents of our atmosphere, 1 am not prepared to say how many thousand times the 
action of tlie foimer exceeds that of the latter. 

These large numbers depend in part i\\Hm the extreme feebleness of the air; 
the power of aqueous vapor seems vast, liecause that of the air with which it iS 
compared is infinitesimal. Absolutely consiilered, however, this substance exer- 
cises a very potent action. Probably a ctilnmn of ordinary air 10 feet long 
would intercept from 10 to 15 per cent, of tlie heat radiated from an obscure 
source, and I think it certain that the larger of those numbei-s fails to express the 
absorption of the terrestrial rays effected within 10 feet of the earth's surface. 
This is of the utmost consequence to the life of the world. Innigine the super- 
ficial molecules of the earth trembling with the motion of heat, and imparting it 
to the surrounding ether ; this motion would be earned rapidly away and lost 
forever to our planet if the waves of ether bad nothing but the air to contend 
with in then* outward course. But the aqueous vapor takes up the motion of the 
ethereal waves and becomes thereby heated, thus wrapping the earth like a warm 
garment, and protecting its surface from the deadly chili which it would other- 
AHse sustain. Various philosophers have speculated on the influence of an 
atmospheric envelope. De Saussure, Fourier, M. Pouillct, and Mr. Hopkins 
have, one and all, enriched scientific literattu'c with contributions on this subject, 
but the considerations which these eminent men have applied to atmospheric air 
have now to be transferred to aqueous va])or. 

The obseivations of meteorologists funiish impoiiant, though hitherto uncpn- 
Bcious, evidence of the influence of this agent. Wherever the air is dry we are 
liable to daily extremes of temj^erature. By day, in such places, the sun's heat 
reaches the earth unimpeded and renders the maxiumni high ; by night, on the 
other hand, the earth's heat escapes unhindered into space and renders the mini- 
mum low. Hence the difference between the maxinnim and minimum is greatest 
where the air is driest. In the plains of India, on the heights of the Himalaya, 
in central Asia, in Australia, wherever drought ii^igns we have the heat of day 
forcibly conti*asted with the chill of night. In the Sahara itself, when the sun's 
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rays cease to impinge on ifae burning soil, the temperature rans rapidly down to 
fieezing, because tbeio is no vapor overhead to check the calorific drain. And 
here another instanqe might be added to the numbers already known, in which 
nature tends, as it were, to check her own excess. By nocturnal refrigeration 
the aqueous vapor of the air is condensed to water on the surface, of the earth, 
and, as only the superficial portions radiate, the act of condensation makes water 
the radiating body. Now experiment proves that to the rays emitted by water, 
aqueous vapor is especially opaque. Hence the very act of condensation, con- 
sequent on terrestrial cooling, becomes a safeguard to the eaith, imparting to its 
radiation that particular character which renders it most liable to be prevented 
from escaping interspace. 

It might, however, be urged that, inasmuch as we derive all our heat from the 
son, the self-same covering which protects the earth from chill must also shut out 
the solar radiation. This is partially true, but only partially; the sun's rays are 
different in quality from the earth's rays, and it does not at all follow that the 
substance which absorbs the one must necessarily absorb the other. Through 
a layer of water, for example, one-tenth of an inch in thickness, the sun's rays 
are transmitted with comparative freedom ; but through a layer half this tliick- 
ness, as Melloni has proved, no single ray from the warmed earth could pass. In 
like manner, the sun's rays pass with comparative freedom through the aqueous 
vapor of the air, the absorbing power of this substance being mainly exerted 
upon the heat that endeavors to escape from the earth. In consequence of this 
differential action upon solar and terrestrial heat, the mean temperature of our 
planet is higher than is due to its distance from the sun. 

Xm. — ^LIQUIDS AND THEIB VAPORS IS RELATION TO RADIAIIT HEAT. 

The deportment here assigned to atmospheric vapor has been established by 
direct experiments on air taken from the streets and parks of London, from the 
downs of Epsom, from the hills and sea-beach of the Isle of Wight, and also 
by experiments on air in the first instance dried and afterwards rendered arti- 
ficially humid by pure distilled water. It has also been established in the fol- 
lowing way : Ten volatile liquids were taken at random, and the power of these 
liquids, at a common thickness, to intercept the waves of heat was carefully deter- 
mined. The vapors of the liquids were next taken, in quantities proportional to 
the quantities of liquid, and the power of the vapors to intercept the waves of 
beat was also determined. Commencing with the substance which exerted the 
least absorptive power, and proceeding upward to the most energetic, the follow- 
ing oitjer of absorption was observed : 

Liquids. Vapors, 

Bisulphide of carbon. Bisulphide of carbon. 

Chloroform. Chloroform. 

Iodide of methyl. Iodide of methyl. 

Iodide of ethyl. Iodide of ethyl. 

. Benzol. Benzol. 

Amylene. Amylene. 

Sulphuric ether. Sulphuric ether. 

Acetic ether. Acetic other. 

Formic ether. Formic ether. 

Alcohol. Alcohol. 
Water. 

We hero find the order of absorj^tion in both cases to be the same. We have 
liberated the molecules from the bonds which trammel them more or loss in a 
liquid condition ; but this change in their state of aggregation does not change 
their relative powers of absorption. Nothing could more clearly prove that the 
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act of abfiorption depends upon the individaal molecule, which eqaally asserts 
its power in the liquid and the gaseons state. We may assuredly conclude from 
the above table that the position of a vapor is determined by that of its liquid. 
Now, at the very foot of the list of liquids stands water, signalizing^ itself above 
all others by its enormous power of absorption ; and from this fact, even if no 
direct experiment on tbe vapor of water bad ever been made, we should be enti- 
tled to rank that vapor as the most powerful absorber of radiant, heat hitheito 
discovered. It has been proved by experiment that a shell of air two inches in 
thickness sorrounding our planet, and saturated with the vapor of sulphuric ether, 
would intercept 35 per cent of the earth's radiation ; and though the quantity of 
aqueous vapor necessary to saturate air is much less than the amount of sulphuric 
ether vapor which it can sustain, it is still extremely prol>able that the estimate 
already made of the action of atmospheric- vapor within 10 feet of the earth's 
surface is altogether under the mark, and that we are indebted to this wonderful 
substance, to an extent not accurately determined, but certainly far beyond what 
hoB hitherto been imagined, for the temperatnre now existing at the surface of the 
globe. 

3TV. — ^RECIPEOCITT OF RADIATION AND ABSORPTION. 

Throughout the reflections which have hitherto occupied us the image before 
the mind has been that of a radiant source generating calorific waves, which, on 
passing among the scattered molecules of a gas or vapor, were intercepted hy 
those molecules in various degrees. In all cases it was the transference of 
motion from the ether to the comparatively quiescent molecules of the gas or 
vapor. We have now to change the form of our conception, and to figure these 
molecules not as absorbers but as radiators — not as the recipients but as the 
originators of wave motion ; that is to say, we must figure them vibrating and 
generating in the surrounding ether undulations which speed through it with the 
velocity of light. Our object now is to inquire whether the act of chemical com- 
bination, which proves so potent as regards the phenome<ia of absorption, does 
not also manifest its power in the phenomena of radiation. For the examination 
of this question it is necessary, in the first place, to heat our gases and vapors to 
the same temperature, and then examine their power of discharging the motion 
thus imparted to them upon the ether in which they swing. 
^ A heated copper ball was placed above a ring gas-burner possessing a great 
number of small apertures, the burner being connected by a tube with vessels 
containing the various gases to be examined. By a gentle pressure the gases 
were forced through the orifices of the burner against the copper ball, where 
each of them, being heated, rose in an ascending column. A thermo-electric 
pile, entirely screened off from the hot ball, was exposed to the radiation of the 
warm gas, and the deflection of a magnetic needle connected with the pile 
declared the energy of the radiation. 

By this mode of experiment it was proved that the self-same molecular arrange- 
ment which renders a gas a powerful absorber renders it in the same degree a 
powerful radiator — that the atom or molecule which is competent to intercept the 
calorific waves is, in the same degree, competent to generate them. Thus, while 
the atoms of elementary gases proved themselves unable to emit any sensible 
amount of radiant heat, the molecules of compound gases were shown to be capa- 
ble of powerfully disturbing the surrounding ether. By special modes of experi- 
ment the same was proved to hold good for the vapors of volatile liquids, the 
radiative power of every vapor being found proportional to its absorptive power. 
These experiments were based upon the fftct that atoms, such, for example, as 
those of air, which glide through the ether without sensible resistance, cannot 
thus glide among the molecules of another gas. When mixed with such mole- 
cules, the heated atoms communicate their motion to the molecules by dii'cct col- 
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lisioQ, and if these be of a complex oliemical cbaraoter they instantly disturb the 
ether which surronnds them and thus lose their heat. Hence the motion pos- 
sessed in the first instance by the atoms, and which the atoms are incompetent to 
discharge directly upon the ether, may, by the intervention of more complex 
molecules, be thus discharged. Suppose, then, a small quantity of any vapor to 
be introduced into an exhausted tube, and air to be subsequently allowed to rush 
in and fill the tube. By its impact against the sides of the tube the air is heated ; 
the motion of heat is instantly imparted, by collision, to the molecules of the 
vapor, and they in their turn impart it to the ether, or, in other words, reduce it 
to the radiant foim. By this process, which has been called dynamic radiation, 
the radiative power of l)oth vapors and gases has been determined, and the reci- , 
procity of their radiation and absorption proved.* In the excellent researches 
of Leslie, De la Provostaye, and Desains, and Mr. Balfour Stewart, the reci- 
procity of radiation and absorption in the case of solid bodies has been variously 
illustrated ; while the labors, theoretical and expenmental, of Kirchoflf have given 
this subject a wonderful expansion, and enriched it by applications of the highest 
kind. To their results are now to be added the foregoing, whereby a vast class 
of bodies hitherto thought inaccessible to experiment are proved to exhibit the 
duality of radiation and absorption, the influence on both of chemical combina- 
tion being exhibited in the most decisive and extraordinary way. 

XV. — ^INFLUENCE OF VIBRATING PERIOD AND MOLECULAR FORM. — ^PHYSICAL 
ANALYSIS OF THE HUMAN BREATH. 

In the foregoing experiments with gases and vapors we have employed through- 
out invisible rays. Some of these bodies are so impervious that in lengths of a 
few feet only they intercept every ray as effectually as a layer of pitch would do. 
The substances, however, which show themselves thus opaque to radiant heat 
are perfectly transparent to light. Now the rays of li^ht differ from those of 
invisible heat only in point -of period, the former failing to affect the retina 
because their periods of incurrence are too slow. Hence, in some way or other, 
the transparency of our gases and vapors depends upon the periods of the waves 
which impinge upon them. What is the nature of this dependence? The 
admirable researches of Kirchoff help us to an answer. The atoms and mole- 
cules of every gas have certain definite rates of oscillation, and those waves of 
ether are most copiously absorbed whose periods of recurrence synchronize with 
the periods of the molecules among which they pass. Thus, when wo find the 
invisible rays absorbed and the visible ones transmitted by a layer of gas, Wo 
conclude that the oscillating periods of the gaseous molecules coincide with those 
of the invisible, and not with those of the visible spectrum. 

It requires some discipline of the imagination to form a clear picture of this 
process. Such a picture is, however, possible. When the waves of ether impinge 
upon molecules whose periods of vibration coincide with the recurrence of the 
undulations, the timed strokes of the waves cause the motion of the molecules 
to accumulate, as a heavy pendulum is set in motion by well-timed puffs of 
breath. Ttiousands of millions of shocks are received every second from the 
calorific waves, and it is not difficult to see that every wave, an-iving just in time 
to repeat the action of its predecessor, the molecules must finally be caused to 
swing through wider spaces than if the arrivals were not so timed. In fact, it 
is not difficult to see that an assemblage of molecules, operated upon by contend- 
ing waves, might remain practically quiescent, and this is actually the case when 
the waves of the visible spectrum pass through a transparent gas or vapor. 
There is here no sensible transference of motion from the ether to the molecules j 
in other woi-ds, there is no sensible absorption. 

* When heated air imparts its motion to- another gas or vapor, tho transference of heat is 
accompanied by a change of vibrating period. The dynamic radiation of vapors is rendered 
possible by the transmutation of vibrations. jigitized by vjOOQ IC 
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One striking example of the influence of period may be here recorded. Car- 
bonic acid gas is one of the feeblest of absorbers of the radiant heat emitted by 
solid sonrces. It is, for example, extremely transparent to the rays emitted by 
the heated copper plate already referred to. There are, however, certain rays, 
comparatively few in number, emitted by the copper, to which the carbonic acid 
is impervious ; and could we obtain a source of heat emitting such rays only, wo 
should find carbonic acid more opaque than any other gas to the radiation from 
that source. Such a source is actually found in the lame of carbonic oxide, 
where hot carbonic acid constitutes the main radiating body. Of the rays emitted 
by our heated plate of copper, defiant gas absorbs ten times the quantity absorbed 
• by carbonic acid ; of the rays emitted by a carbonic oxide flame, carbonic acid 
absorbs twice as much as olefiant gas. This wonderful change in the power of 
the former as an absorber is simply due to the fact that the periods of the hot 
and cold carbonic acid are identical, and the waves from the flame freely trans- 
fer their motion to the molecules which synchronize with them. Thus it is^that 
the tenth of an atmosphere of carbonic acid, enclosed in a tube four feet long, 
absorbs 60 per cent, of the radiation from a carbonic oxide flame, while one- 
thirtieth of an atmosphere absorbs 48 per cent. Of the heat from the same origin. 

In fact the presence of the minutest quantity of carbonic acid may be detected 
by its action on the rays from the carbonic ojride flame. Carrying, for example, 
the dried human breath into a tube four feet long, the absorption there effected 
by the carbonic acid of the breath amounts to 50 per cent, of the entire radia- 
tion. Radiant hieat may indeed l>e employed as a means of determining practi- 
cally the amonnt of carbonic acid expirod from the lungs. My assistant, Mr. 
Barrett, has, at my request, made this determination. The absorption produced 
by the breath, freed from its moisture, but retaining its carbonic acid, was first 
determined. Carbonic acid, artificially prepared, was then mixed with dry air 
in such proportions that the action of the mixfure upon the rays of heat was the 
same as that of the diied breath. The percentage of the former being knowc, 
immediately gave that of the latter. The same breath, analyzed chemically by 
Dr. Frankland, and physically by Mr. Barrett, gave the following results : 

Percentage of carbonic acid in the human breath. 

Chemical analysis. Physical analysis. 

4.66 4.56 

5.33 5.22 

It is thus proved that in the quantity of ethereal motion which it is competent 
to take up, we have a practical measure of the carbonic acid of the breath, and 
hence of the combustion going on in the human lungs. 

Still this question of period, though of the utmost importance, is not compe- 
tent to account for the whole of the observed facts. The other, as far as we 
know, accepts vibrations of all periods with the same readiness. To it the oscil- 
lations of an atom of oxygen are just as acceptable as those of a molecule of ole- 
fiant gas ; that the vibrating oxygen then stands so far below the olefiant gas 
in radiant power roust be referred not to period, but to some other peculiarity of 
the respective molecules. The atomic group which constitutes the molecule of 
olefiant gas produces many thousand times the disturbance caused by the oxy- 
gen because the group is able to lay a vastly more powerful hold upon the ether 
than the single atoms can. The cavities and indentations of a molecule com- 
posed of spherical atoms may be one cause of this augmented hold. Another, 
and possibly very potent one, may be, that the ether itself, condensed and entan- 
gled among the constituent atoms oi a compound, virtually increases the magni- 
tude of the group, and hence augments the disturbance. Whatever may be the 
fate of these attempts to visiblize the physics of the process, it will still remain 
truOy that to account for the phenomena of radiation and absorption we must^ 
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take into consideration tlie shape, size, and complexity of the molecules by which 
the ether is disturbed. 

XVI. — SUMMARY AND CONCLUSION. 

Let us now cast* a momentary glance over the ground that we have left behind. 
The general nature of light and heat was first briefly described : the compounding 
of matter from elementary atoms and the influence of the act of combination on 
radiation and absorption were considered and experimentally illustrated. Through 
the transparent elementary gases radiant heat was found to pass as through a 
vacuum, while many of the compound gases presented almost impassable olista- 
cles to the calorific waves. This deportment of the ^mple gases directed our 
attention to other elementary bodies, the examination of which led to the dis- 
covery that the element iodine, dissolved in bisulphide of carbon, possesses the 
power of detaching, with extraordinary sharpness, the light of the spectrum from its 
heal, intercepting all luminous rays up to the extreme red, and permitting the 
calorific rays beyond the red to pass fi-ecly through it This snlrstance was then 
employed to filter the beams of the electric light, and to form foci of invisible 
rays so intense as to produce almost all the effects obtainable in an ordinary fire. 
Combustible bodies were burnt and refractory ones were raised to a white heat by 
the concentrated invisible rays. Thus, by exalting their refranffibility, the 
invisible rays of the electric light were rendered visible, and all the colors of 
the solar spectrum were extracted from utter darkness. The«extreme richness 
of the electric light in invisible rays of low i-efrangibility was demonstrated, one- 
tenth only of its radiation consisting of luminous rays. The deadness of the 
optic nerve to those invisible rays was proved, and experiments were then added 
to show that the bright and the dark rays of a body raised gradually to intense 
incandescence aie strengthened together ; that to reach intense white heat intense 
dark heat must be generated. A sun could not be foimed or a meteorite ren- 
dered luminous on any other conditions. The light-giving rays constitute only 
a small fraction of the total radiation, their unspeakable importance to as being 
due to the fact that their periods are attuned to the special requirements of the 
eye. 

Among the vapors of volatile liquids vast differences were also found to exist 
as regards their power of absorption. We followed, moreover, various molecules 
from a state of liquid to a state of gas, and found, in both states of aggregation, 
the power of the individual molecules equally asserted. The position of a vapor 
as an absorber of radiant heat was praved to be determined by that of the liquid 
from which it is derived. Reversing our conceptions, and regarding the mole- 
cules of gases and vapors not as the recipients, but as the originators of wave 
motion — not as absorbere, but as radiators — ^it was proved that the powers of 
absorption and radiation went hand in hand, the self-same chemical act which 
rendered a body competent to intercept the waves of other rendering it compe- 
tent in the same degree to generate them. Perfumes were next subjected to 
examination, and, notwithstanding their extraordinary tenuity, were found vastly 
siii)erior, in point of absorptive power, to the body of the air in which they wore 
diffused. We were led thus slowly up to the examination of the most widely 
diffused and most important of all vapors — ^the aqueous vapor of our atmos- 
phere — and we find in it a potent absorber of the purely calorific rays, Tlie 
power of this substance to influence climate, and its general influence on the 
temperature of the earth, were then briefly dwelt upon. A cobweb spread above 
a blossom is sufficient to protect it from nightly chill ; and thus the aqueous vapor 
of our air, attenuated as it is, checks the drain of terrestrial heat and saves the 
sui-faco of our planet from the refrigeration which would assuretlly accrue were 
no such substance interposed between it and the vAds of space. We considered 
the influence of vibrating period and molecular foiin on absorption and radiation, 
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and finally deduced &om its action upon radiant heat the exact amount of car- 
bonic acid expired by the human lungs. 

Thus, in brief outline, liavo I placed before you some of the results of recent 
inquiries in the domain of radiation, and my aim throughout has been to raise 
in your minds distinct physical images of the various processes involved in our 
researches. It is thought by some that natural science has atieadening iuflitence 
on the imaginaticm, $mi. a doubt might fairly be raised as to the value of any 
study which would necessarily have this e&ct. But the experience of the last 
hour must, I think, have convinced you that the study of natural science goes 
band in hand with the culture of the imagioatioB. Throughout the greater part 
of this discourse we have been sustained by this faculty ; we have been picturing 
atoms and molecules and vibrations and wave« which eye has never seen nor ear 
heard, and which can only be discerned by the exercise of imagination. This, 
in fact, is the facuUy which enables us to transcend the boundaries of sense, and 
connect the phenomena of our visible world with those of an invisible one. 
Without imagination we never could have risen to the conceptions which have 
occupied us here to-day; and in proportion to your power of exercising this 
faculty aright, and of associating definite mental images with the terms employ ed, 
will be the pleasiu:e and the profit which you will derive firom this lecture. The 
outward facts of nature ai'e insufficient to satisfy the mind. We cannot be con- 
tent with knowing that the light and heat of the sun illuminate and warm the 
world. We are led irresistibly to enquire what is light and what is heat ; and 
this question leads us at once out of the region of sense into that of imagination. 

Thus pondering, and asking, and striving to supplement that which is felt and 
seen, but which is incomplete, by something unfelt and unseen which is necessary 
to its completeness, men of genius have in part discerned, not only the nature of 
light and heat, but also, through them, the geucml relationship of natural phe- 
nomena. The power of nature is the power of motion, of which all its phenomena 
are but special forms. It manifests itself in tangible and in intangible matter,, 
being incessantly transferred from the one to the other, and incessantly trans- 
formed by the cnange. It is as real in the waves of the ether as in the waves 
of the sea, the latter being, in fact, nothing more than the heaped-up motion 
of the former, for it is the calorific waves emitted by the sun which heat our 
air, produce our winds, and hence agitate ouir ocean ; and whether they break in 
foam upon the shore, or rub silently against the ocean's bed, or subside by the 
mutual friction of their own parts, the sea-waves finally resolve themselves into 
^-aves of ether, and thus regenerate the motion from which their, temporary exist- 
ence was derived. This connection is typical. Nature is not an aggregate of 
independent parts, but an organic whole. If you open a piano and sing into it 
a certain string will respond. Chaage the pitch of your voice -, tlie first string 
ceases to vibrate, but another replies. Change again the pitch ; the first two 
strings are silent, while another resounds. Now, in altering the pitch you sim^ 
ply change the form of the motion communicated by your vocal chords to the 
air, one string responding to one foim and another to another. And thus i$ sen- 
tient man sonff unto by nature, while the optic, the auditoiy, and other nerves of 
the human body are so many sUnngs difierently tuned and responsive to difiereat 
forms of the universal poiyw. 
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The study of meteorites toncbes on several fundamental questions of the 
physical history of the universe. Aside from the iraportauce which these bodies 
present in a purely astronomical point of view, they are furthermore of interest 
to geology from their constitution itself, and this under a two-fold aspect. On 
the one hand, they are the only specimens of extra-terrestrial or cosmical bodies 
with which it is possible for us to have actual contact; or which can afford 
us any ideas respecting the constitution of the bodies scattered through the 
celestial spaces. On the other hand, the more thorough our study of them the 
better shall we recognize the bearing which they may have on sundry branches 
of knowledge, and particularly the history of our globe, as will be seen further 
on. Thus it is that meteorites constitute an essential as well as new chapter in 
geology ; .and notwithstanding the little attention hitherto accorded to their study 
by gcologis^^s, it cannot but be considered, on the grounds just stated, as meriting 
a place in the pages of the Annates dcs Mines, 

In a recently published report on the progress of a part of geology, which 
may be called experimental geologt/,\ we had occasion to explain how far experi- 
ment had been made instrumental in solving the questions which relate to the 
oHgin of meteorites and the mode of their formation ; this chapter it has been 
thought proper to reproduce here, with some developments, a portion of which 
had found a place in previous publications. The title sufficiently indicates the 
propriety of reducing the historical and descriptive part to a very succinct 
exposition. 



CHAPTER I. 



XXTRA-TBRBBSTRIAL ORIGIN OF METRORTTES.— PHBNOMBKA WHICH ACCOM- 
PANY THEIR FALL. 

It is a long time since any doubt could be entertiuned tbAi among the tub* 
stances which fall from tlie atmosphere to the surface of the globe, there are 
some whose origin is incontestably foreign to the planet which we inhabit 
Their descent makes itself known by a considerabfe production of light and 
sound which accompanies it, by the almost horizontal trajectory which they 
describe, and by the excessive velocity of the hotidcs which embody the sub- 
stances in question. 

Several recent falls, which have been studied with care, have enabled us 
to determine with more precision the circumstances which attend the anival 

*Antialet des MimtSy Sfc , Paris, 1 868. 

^ Rapport sur Ics pto^ris de U gSologie erpirimentnU, Imprimtrit impirialt^ 1&C7. 
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of these masses on the earth. That these ciroomstanoes aro constantly and 
identically reproduced, is extremely remarkable. The fall of meteorites is 
always accompanied by an incandescence sufficiently vivid to give to night an 
appearance of day, and to be perfectly perceptible even at noon-day. In con- 
sequence of this vivacity of their light, the arrival of meteorites in our atmo- 
sphere majT be seen at very great distances ; the fall at Orgueil (Tam-et-Garonne,) 
of the 14th May 1864, was observed as far ofi' as Gisors (Eore,) a distance of 
more than 500 kilometei*s,* (310^ miles.) 

The light in question is, moreover, of very transient dnration. It is thought to 
be produced at the moment when the asterdd eaters our atmosphere, and there- 
fore at a great height, which, in the case of Orgueil, for example, has been 
computed at 65 kilometers, (40 miles.) It is owing to this incandescence that the 
trajectory of meteorites, which is in general but little inclined to the horizon, is 
susceptible of beinj? observed. A trajectory of this nature was particularly verified 
for the bolide of Orgueil just cited : proceeding from the west towards the east, 
this bolide was followed from Santander and other points of the coast of Spain 
to the place of its fall. The incandescence allows, moreover, of an appreciation 
of the velocity of the bolides, a velocity which has notliing analogous on the 
earth, and which can only be compaied to that of the planets revolving in their 
orbits. This single circumstance would suffice to prove the cosmic origin of 
meteorites. The meteorite of Orgueil appeared to traverse about 20 kilometers 
(12^ miles) per second ; while in other cases velocities have been observed which 
could not be estimated at less than 30 kilometere, (18^ miles.) 

The appearance of the bglide is constantly accompanied by a trail of vapors, 
which are themselves not destitute of a certain effulgence. No instance of the 
fall of a meteorite has occurred without beuig preceded by an explosion and 
■oractimes by seveial explosions. The noise of tlie explosion has been compared 
either to that of thunder or to that of cannon, according to the distance of the 
observers. It makes itself heard over a vast extent of country ; sometimes at a 
distance of more than 100 kilometers in circuit, as in the fall at Orgeuil. If we 
reiiect that it is produced in regions where the air, highly rarefied, lends itself 
very imperfectly tb the propagation of sound, we shall readily be convinced that 
its intensity must be such as to surpass all else ^hat is known to us. After the 
explosion a whizzing sound is heard, owing to the rapid passage of detached 
pieces in the air, which the Chinese compare to the noise made by the wings of 
wild geese, or to that of a cloth which is torn. It should be added that these 
phenomena have been observed not only in widely distant regions of the globe, 
but at all seasons, at all hours, and often when the sky is serene and cloudless and 
the air calm. Tempests, water-spouts, therefore, have no agency here. 

To obviate an objection which natm*ally presents itself to the mind, in relation 
to the velocity of these bodies, attention must be drawn to an essential distinction* 
The enormoas velocity proper to the laminons body or bolide which is seen 
cleaving the atmosphere contrasts with that, incomparably more feeble, which 
the fraginents possess at the moment of their arrival on the earth. The bolide 
moves like a body launched with a groat initial velocity; on the contrary the 
fragments which reach us in the sequel of the explosion appear, in general, to 
possess only a velocity comparable to that which would correspond to theur 
descent, moderated, besides, b^ the resistance of the au:. It is to be added that, 
as the bolides move in all directions, their relative velocity, all. else being equal, 
must necessarily vary according to the 0001*80 of the trajectory with regaid to 
the direction of the earth's rotation and motion in its orbit. 

The stones of any one fall are more or less numerous, and are always burning 
hot on the surface at the moment of their airival, without, however, having pre* 
served thdr incandescence. At Orgueil stones fell upon 60 points, comprined 

* A kilometre is 68 hundredths of a mile, ^ t 
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within an oval periphery, of which the greater axis was 20 kilometers in length. 
The fall at Stannem, in Moravia, yielded several hundreds of specimens, and 
that of Aiglo about 3,000 ; here, as at Orgueil, the space covered by the stones 
was oval, and was 12 kilometers in length. A recent fall observed at Knyahinia, 
in n angary, was scarcely less numerofns than that of Aigle. Frequently stones 
of a certain volume penetrate deep into the soil ; for example, one of JLhose col- 
lected at Aiimale had buried itself several decimeters in a block of compact and 
resistant limestone. Hence a great number of meteorites may remain buried 
and undiscoverable. 

The phenomena of light and sound with which the fall of meteorites is attended 
being of such imposing magnitude, it is not without surprise that wo observe 
the absence of any voluminous mass among the stones which have fallen. Th© 
largest specimen collected at Orgueil weighed two kilograms ; none of those of 
Aiglo exceeded nine. The weiglit of 50 Kilograms* is not often surpassed ; it is 
only exceptionally that some stones of from 200 to 300 kilograms can bo cit^ 
We may add that the weight of tho fragments amounts sometimes to but a few 
grams. * In the case of iron meteorites, the weight is often more considerable'^ 
there have been found of these some weighing from 700 to 800 kilograms, like 
that of Oharcas recently brought to the museum ; and a specimen has been found, 
in Brazil having a weight estimated at 7,000 kilograms ; but even this last 
represents but a volume equal to one cubic meter. Meteorites, therefore, might 
be regarded as, in some sort, minute planetary debris ; as it *were, cosmic dust 

It is not impossible, however, that the fragments which reach the surface of 
our globe represent but a small part of the meteoric mass ; the latter may be 
supposed to pass ^m our atmosphere and continue its course, abandoning only 
some small portions whose velocity has been weakened in consequence of the 
explosion, llie fall at Orgueil would furnish an argument in favor of this 
hypothesis.t 

vVhat is first remarked, on examining meteoric stones, is a black crust which 
covers the whole surface.^ This crust is, in general, of a dull appeamnoe ; but 
in some aluminous and particularly fusible meteorites it is of a glittering aspect, 
so as to resemble a varnish. Its thickness is less than one niiliimeire, and it is 
plainly owing to a superficial fasion which the stone has undergone for a very 
short time, being the result of the incandesoence produced on its entering the 
atmosphere. The crust may be artificially reproduced by submitting fragments 
of the meteorite to the flame of the blow-pipe. 

Lightning produces on the rocks of the earth a varnish which is not without 
analogy to that of meteorites ; it occasions in effect on certain rooks, particularly 
towards the summit of mountains, the formation of little drops or of a glaze, to 
which De Saussure first called attention. It was on account of this resemblance 
that the savants, to whom were submitted the stones which fell at Luc6 ( Sartho,) • 
in 1768, expressed the opinion that they were only terrestrial stones vitrified by 
lightning. The crust of meteorites presents little wrinkles, the direction of which 
indicates the course followed by each of the fragments. This course is still 
more plainly indicated by the arrangement of certain small prominences which 
the vamish has produced by trickling to the after part of each stone. The form 
of the pieces detached from the meteorites is essentially fragmentary ; they are 
irregular polyhedrons, whose angles and edges have been blunted by tho simul- 
taneous action of heat and friction. 

From all the facts above enumerated, it evidently results that the meteorites 
are representatives of exti*a-terrestrial or cosmic bodies. The first idea which 

* A kilogram is 2,2 pounds. 

i NomveUes Archives du Musenm, i, iii, 1866. 

X Tho roetforite which fell. 9th Jane, Jt^7, otTsdjem, in Algeria, presents nrerj remarkable 
exception through the absence of a crust This diflPerence corresponds to a liros dog^e of 
fusibility than that of meteorites of the common type. (Compies Rthdus^ ^Ixvi, p.^13, 
1^) .gitized by Google 
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presented itself was to seek their origin ih the planet nearest to us. It was thus, as 
will be remembered, that Laplace and Berzelius regarded them as bodies ejected 
from lunar volcanoes. Bat the hypothesis most generally adopted is that 
which Ghladni ventured to 6nundiate in 1794 ; according to this, the stones that 
descend from the skies are asteroids, which, entering within the sphere of tho 
earth's attraction, are precipitated to its surface. These asteroids, moreover, need 
not pertain to our own planetary system j there is nothing to prove that they 
do not proceed from other regions of space. 

I'he number of the known falls of meteorites is not so considerable as might 
be infened from tho great number of bolides which have been observed and 
which daily come to light. Those which have been well authenticated, and the 
stones of which have been collected, do not, to our knowledge, amount to 1,000. 
In this sort of verification we necessarily do not take account of a number of 
falls, otherwise quite considerable, which have left us neither trace nor memento. 

But however incomplete the statistics of these falls, it is well to note how they 
are distributed in point of time. From monthly statements it would appear that 
the two months which are remarkable for showers of shooting stars have no pre- 
eminence as regards the number of the descents of bolides. In the horary 
distribution the variations are more marked; the falls seem to be more frequent 
by day than by night, as is shown by the facts observed by MM. Alex. 
Herschel, De Haidinger, and Quetelet. 

As regards the geographical apportionment of meteorites, they have been sig- 
nalized in all parts of the globe. Nevertheless, this apportionment is far from 
being uniform j ^rtain points seem distinguished for them. The abundance of 
feiTuginous meteors in certain parts of America, north and south, in Mexico, the 
United States, and Chili, is well known. While some countries make no men- 
tion of falls of stones, or mention them very rarely, as Switzerland, other 
countries of the same surface, and which appear not better prepared for the veri- 
Hcation of phenomena of this kind, have been often their theatre. Such are 
some of the regions of southern France, (Barbotan, Agen, Toulouse, Orffiieil, 
Laissac, Alais, Juvinas,) the northern part of Italy and British India, the Tatter 
having witnessed not less than 34 since the end of the last century. During 
each of the two years 1863 and 1864, as well as in 1866, three falls of meteor- 
ites have been cited in Europe. If wo assume that this part of tho world has 
not been particularly favored, and remember that it represents sixteen-thou- 
sandths of the total surface of the globe, we should realize for that whole surface 
the number of 180 meteorites. If, by reason of the facility with which the phe- 
nomenon may pass unperceived, this number be raised three-fold, which is doubt- 
less far from being an exaggeration, wo find a total of from 600 to 700 for tho 
annual number of falls. 

It ixisults from these falls of meteorites that, each year, the mass of the globe 
is augmented by a certain quantity, and, according to a principle of mechanics, 
this augmentation would necessarily have an innuence on the velocity of tho 
rotation of our planet. It has been sought to ascribe to this cause the secular 
acceleration of the mean movement of the moon ; but that acceleration is very 
far from being completely explained by the phenomenon in question.* Under 
this point of view, the very slight increase of mass produced bv the an*ival of 
these extra-terrestrial bodies may, it would seem, be wholly neglected. 

When we reflect on the number of meteorites which the earth receives from 
year to year, wo are impelled to admit that numbers must have fallen likewise, 
in the vast periods of time during which the strata of the earth were formed, on 
land as well as in the basin of the ocean itself. Yet, often as the stratified for- 
mations have been explored, nothing analogous to the meteoric stones has ever 
been noticed. This remarkable fact may be, perhaps, explained, in accordance 

* As M. Delaunay lias recently demonstrated, {CompUs Rtudtu, U Ixi, p. 1023.) > 
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with the resnU of experiments on which I entennl some time ago, by the fioiciUty 
witli which theee Btones disappear in conBequenco of their oxidation under the 
action of water and the disintegration which is its consequence. 



CHAPTER n. 

CONSTirUTION OP MBTBORITES. — § 1. TrPBS TO BE DISTINGUISHED. 

If we examine meteorites as regards their constitution, it will be seen that 
dome are formed of iron, evidently pure, while others consist of masses excln- 
^vely lapideons. Between these extreme types, specimens are found of a mixed 
Aature, forming, as it were, a bond of union. Hence, it is cx>nvenient to adopt a 
single name, applicable to all the substances which reach us from the skies, to 
Che iron as well as stone, and even to the pulverulent or gaseous substances 
which may have the same origin. 8nch a name is that of meteorite; while the 
name of aerclUe should bo rejected as designating exclusively stony substances. 

We proceed to give a rapid review of the classification recently adopted for 
the collection of the museum. (Comptes JRendm de VAcademie des Sciences, t. 
Ixv, p. GO, 1867.) 

MBTBORITES OF THE FIRST GROUP, OR HOLOSIDEROUS, 

Meteoric iron forms masses destitute of stonv matter, and sometimes sufficiently 
pure to be susceptible of being immediately forged; it has even been employed 
in the fabrication of anns and utensils. No terrestrial mineral can, in this respect, 
be compared to it j native iron, it is true, has been found on the surface of the 
globe, but always under exceptional circumstances, when it appeared to proceed 
from reductions accidentally effected, either by combustible gases genemted in 
volcanoes, or by the conflagration of coal-beds. This terrestrial iron, moreover, 
never presents the characters of meteoric iron. 

This latter is characterized at once by itd chemical composition, and by its 
litructure. It is always associated with different metals, among which nickel is 
ihe most constant. It frequently contains a sulphate of iron (troilite,) isolated 
under a kidney-shaped form, sometimes cylindroidal and engaged in gi-aphite. 
We find, besides, a phosphate of iron and of nickel, containing magnesium, the 
existence of which has been demonstrated by Berzelius, and to which the name 
of schreibersite has been applied. Terrestrial hron has never this comjmsition. 

We will cite, as an example, the iron meteorite of Gaillo (Aljpes Maritimes)^ 
the first analysis of which we owe to the Duke de Luynes, (Annales des Mines, 
4th series, t. v, p. 161, 1844). He found it to be exclusively formed of iron and 
nickel, with imponderable traces of manganese and copper. The proportion of 
nickel rises, according to this analysis, to 17.37 per 100. The results at which 
M. Rivot has subsequently anived in regard to other specimens of the same mass 
are sensibly different, this chemist having detected neitner manganese nor copper, 
but having found cobalt and chrome. 8uch divergencies teach us how mucli the 
composition of these masses may vary, even in pieces with an identical aj^pect.* 

* AnnaU* du Mines, 5th series, t. yI, p. 554, 1854. The following^ are the numbers he 
obtained: 

Iron 92.7 

Nickel 5.(^ 

Chrome, cobalt, traces of silicium 0.9 

Total 9fi.2 

The author thinks that the silicium is contained in the mass in the state of a silicioret. ^ 
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The strncture of ferrnginons meteorites is among the most remarkable. In 
order to observe it, after having polished a surface of the bolide^ we submit it to 
the action of an adid,; we thus bring to view the figures called Widmanstcltten, 
from the name of the skvaut who iiret mentioned them. In this way we ascer- 
tain that the body in question is at once crystalline and heterogeneous. An 
unassailable matter, in effect, soon appears in relief and transfonns the sui-ftice, 
originally plane, into an actual stereotype plate, suitable for producing impres- 
sions. The substance which thus appears in relief is simply the multiple phos- 
phuret of Berzelius. This phosphuret presents itself ordinarily in thin laminae, 
the intervals of which remind us, by their fineness and their parallelism, of a 
series of strokes of the bm*in. The different laminee, which thus traverse the 
meteoric iron, are generally directed parallel to the faces of the regular octahe- 
dron. This fact, easily to be verified in the ii-on meteorite discovered at Caille, 
is the more interesting as the teiTcstrial iron, which is produced in crystalline 
masses, presents a cubic airangement. If wo follow the direction forienfationj 
of the octahedrons, it will be i-ecognized that, in many masses of iron, they pre- 
sent a parallelism, whence it results that they constitute in their ensemble a 
single crystal. The dimension, thus considei-able, of these crystals contrasts with 
tlie structure observed in artificial iron, even when its crystalline state is as com- 
plete as possible ; for even then the laminse of cleavage occur in all dii*ections, 
B& is seen in a multiplicity of minerals and terrestrial ix)ck6, such as lamellar lime- 
stone. Other procedures also have been employed for studying the structure of 
meteorites. {Comptes Bendus de VAcadeniie des Sciences, t. Ixiv, p. 6b6, 18o7; 
t Ixv, p. 148, 1867.) 

The falls of iron meteorites are incompai-ably more rare, at least at the present 
epoch, than the falls of those of stone. Tiiore have been observed in Europe 
but two which were quite certain in moro than a ceniary : one in 1751, at Branau, 
in Bohemia; the other at Agram, in Croatia, in 184/. NevertUeless, there have 
been collected in different regions of the globe, .particularly in Europe, in Siberia, 
the United States, Mexico, Brazil, and in Africa, metallic masses, to which theii 
oomposition justifies us in assigning an extra-terrestrial origin with as much cer* 
tainty as if tliey had been seen to fall. 'Ihree of tiiese complete masses, which 
are in the gallery of the museum, afford an idea of the interesting pcculiaritief 
presented by the aspect and stiuci.ure oi meteoric iron. They display the fi*ag- 
mentaiy forms affected by these masses-— forms which equally characteiize, as wul 
be seen further on, the stony maflses, properly so called. 

II. — METEORITES OP THE SECOKD GROUP, OR SYSSIDEROUS. 

Certain iron mettorito^, in plaoe of being massive, include ston^ portions dis- 
seminated in u 7nciaUtc pa^sfe which possesses continniiy and forms a sort of 
metallic spoitge. They thus consiitnce a first tenn of the transition of meteorites 
of iron to chose of stone. 

In tLe oehC known representative of the meteorites of this second group, the 
s'fcOny nijitocr, wtiose giains are imbedded in the iron, consists of a silicate with 
a ba.5C uf magnesium and of protoxide of iron, constituting precisely the tcrres- 
tr.al jsneoies known by the name ot peridot. This aiTangement recalls in a strik- 
ing manner certain products of u^on accidentally formed in the workshops, in 
which the silicated scoria performs the part fulfilled by the peridot in the mete- 
orites ^¥itll which wo are occupied. The meteorites of this second group are 
particularly represented by a celebrated mass of iron, discovered by Pallas, at 
Krasnojarsk, in Siberia, and by another altogether similai', which was found in 
the desert of Atacama, in Chili.* 

The stony matter of these meteorites, to which we give the name of syssider- 
otiSf* does not always consist exclusively of peridot. It sometimes comprises, 

* From the Greek aw, (loi/A,) to express the continuUy of the iron, and aidripo^y {iron.\> 
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alflo, a silicate of a pifroxenk nature. This is the case in the meteorite of Toala, 
government of Penn, in Eussia, the lithdid part of which affects a very remark- 
able brecq^-forra arrangement, as well as in that of Rittersgmn, in Saxony. In 
the two types of syssiderons meteorite which have just been cited, the stone is in 
grains disseminated and discontinuous. But it may happen that the stone thei*ein 
is cmtinuous as well and at the same time as the iron ; that is to say, that the 
mass results from the mutual entanglement of the two continuous systems, the 
one metallic, the other stony. Such, among others, is the meteorite of Bitters- 
grun. 

in. — HBTEORITES OF THE TfllEB 6R0X7P, OR SPORADOSIDBRDtJS. 

The greater part of the meteorites are characterized by a stony paste, in which 
the iron, instead of being continuous, as is the two former groups, is dissemi- 
nated in granules. The relation between the iron and the stone is then precisely 
the inverse of that which characterizes the type of Pallas and of Atacama. 
Each of these grains presents, moreover, the charactei*s of composition and struc- 
ture of the iron meteorites. Like them, they inchide nickel, and the phosphuret 
and sulphuret of iron. The gmins of iron, otherwise very variable in propor- 
tion, have also very different dimensions, firom that of a hazel-nut, or larger, 
down to grains scarcely visible, or even microscopic. Tlioir form is very irregu- 
lar and frequently tubercular. 

In this series, the extreme terms of which are so remote, but which are con- 
nected by a multitude of intermediate bodies, we may distinguish three sub- 
groups. 

FIRST SUB-GROUP, OR POLYSIDBROUS METEORITES. 

In the first place, this sub-group, bein^ the richest in iron, is represented by 
masses which their mjsed composition might lead us to consider either as stone 
or as iron. We designate them by the name of polysiderons, {7:0X0^^ mtich); the 
metal and the silicates may exist therein in apparently equal volumes. Among 
the meteorites pertaining to this snb-group we may particularize tliat which was 
found in Sierra de Chaco, Chili. The grains of iron in this meteorite, which are 
very voluminous and of a tubercular form, yield with acids the remarkable fig- 
ures which we have described. In this experiment it will be observ^ed that each 
^rain is enveloped with a metallic pellicle more or less thin, the structure of which 
IS much more confused than that of the mass. It would seem that at the per- 
iphery the crystallization had been embarrassed or troubled. The stony gaiigne, 
in which the metallic grains are imbedded, is essentially formed of silicates. If 
studied more closely, it will be found to result, in general, from the mixture, in 
variable proportions, of a basic silicate of magnesium, peridot, with a more add 
silicate, known by the name oi pyroxene* 

SECOND SUB-GROUP, OR OLIOOSIDEROUS METEORITES, (COMMON TYPE.) 

The meteorites incomparably most frequent enter into the sub-group at which 
we now arrive. In ten falls, nine at least pertain to it ; hence it may be desig- 
nated as the common type. We give to the meteorites which it comprises th** 
name of oligosiderouSj (oXtyoi;, little.) 

These meteorites are easily distinguished by their stony aspect from those of 
the preceding sub-group, and of coai*so more readily still from those of the two 
first groups. The fracture, ordinarily of an ashy gray and rough to the touch, 
recalls strikingly that of certain finely-grained trachytes. The mass is entirely 
crystalline, as the microscopic examination of a lamina sufficiently thin immedi- 
ately evinces. The paste appears, at fii-st view, almost homogeneous j but a 
more attentive examination enables us to recognize that it results from a mixture 
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of different substances which pertain, in general, to five species readily distinguish- 
able : three metallic, two stony and silicated. 

Firs^ we find nickeliferous native iron in malleable grains, often very small, 
the composition and structure of which are identioal with those of the iron meteor- 
ites already described ; the proportion of these grains is widely variable, being 
ordinarily comprised between 8 and 22 per 100 of the total weight. Next, s^d- 
phuret cf iron (trollite,) of which the degree of sulphuration seems inferior to 
that of magnetic pyrites or pyrrhotine. It approzimaces to the proto-snlphuret ; 
often occurs in isolated grains, which their color, a bronze yellow, renders easily 
discernible; often, also, it exists in the globules of iron, where it is imperceptible 
to the sight. It forms, in general, from 4 to 13 per 100 of the mass, and roaches 
even 20 per 100 in the meteorite which fell 24th December, 1858, at Murcia, in 
Spain. Chramate iron, which forms the third metallic element, appeara in the 
meteorites under consideration in small black grains, analogous to those observed 
in the serpentines. This mineral represents only from 0.2 to 2 per 100 of the 
total mass. It was Langier who, in 1806, pointed out the frequent occurrence 
of chromate iron in meteorites, (Anndles du Museum^ t. vi,) a fact whose import- 
ance approaches that of the discovery of nickel, made by Howard four years 
earlier. Numerous analyses have subsequently confirmed the habitual ])re8ence 
of the chrome. But the prevailing constituent of meteorites of the common typo 
is a mixture of silicates, which are separated in effect by the action of acids. 
One of these silicates, assailable even by weak acids, has most frequently the 
oomposition of peridot ; the other, unassailable, is richer in silicic acid. Apart 
from the slight proportion of alumina, lime, and alkali which it includes, and 
which seems doe to a mixture of other silicates, it often approximates to pyr* 
eocene.^ 

The meteorites of the common type very often present a globular texture — a 
substance, of a gray color a little deeper than the mass of the stone, formed of 
globules of different sizes. These globules are principally constituted by the 
bisilicate which we just now mentioned, and on which the acids exert no action. 
It thence results that if we dissolve the meteorites in question in an acid, there 
may remainf at the bottom of the phial small grains not unlike gim-shot. M. 
Gustavo Rose, struck with this remarkable structure, has proposed to give to the 
meteorites of the common type, in the majority of which this structure is clearly 
manifested, the name of chondrites, derived from the Greek word xovdptx;, signi- 
fying a ball or grantdar concretion, 

j^other remarkable character, frequently afforded by meteointes of this sub- 
group, is to present surfishces of friction analogous to those mirror-like slides 
hniroirs da glissement) which are observed in some part« of the veins of mines. 
Their grains of metallic iron have been drawn out along those surfaces of fric- 
tion, so as to suggest the influence of an energetic effort These rubbed surfaces 
are abruptly interrupted by the external glaze, which shows that they have been 
produced previously, not only to the fall of the stones, but also to their division 
into fragments. 

In the meteorites with which we are occupied, the external black frit or crust 
is always of a dull color. Most specimens of the stones of the common type 
present, after remaining some time m damp air, numerous spots of rust, owing to 
Uie easy alteration of several of the substances contained in them, and especially 
of the sulphuret of iron. This circumstance, perhaps, enables us to comprehend 
why it is that these meteorites are not met with on the surface of the eaith, like 

* Among the numeroas analyses which have evinced this remarkable conHtitation, wo will 
cite that which M. Damour has made of the stone which fell 9th December, 1658, near Mont- 
rejeau (Haate-Garonne). {Camptts Rendus^ t, xlix, p. 31.) Nickeliferoas iron, 11.60; mag- 
netic pyrites, 3.74 ; chrome iron, 1.83; peridot, 44.83; hornblende albite, 38.00; total, 100. 
M. Duh^iioy bad before made the analysis of the stone which fell 12th Jane, 1841, at Chateau- 
Kenord (Loiret,) which pertains to the same type. (Compte$ Reudus, t xii, d,^12;10.) 
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those of iron; the disappearance of a part of tbmr elements may bave broagbt on 
% total disintegration. 

THIRD STJB-GROUP, OR CUTPTOfsiDBROUS METEORITES. 

In the meteorites of which we form the third sub-groap, the iron is scanty, and 
\ts grains are so fine as to have passed unperoeived until M. Gastave Eose demon- 
strated their presence. The name of cryptosiderous (xpuzro^, hiddeny) expresses 
this character. This sab-group constitutes, in fact, a transition from meteorites 
containing metallic iron to meteorites destiti^e of it ; it has thiis been considered 
until the present time as pertaimng to the latter. 

But it is chiefly by the composition of the stony part that these meteorites 
differ from the preceding, that is to say, fn>m tlie oommon or oligasiderous type^ 
The principal section to be distinguished in the cryptosiderous series is that of 
the aluminous meteorites. It is characteri;ted, in a mineralogical point of view, 
by a mixture of two distiuct minerals, whi sh often occur, however, in a state of 
confused crystallization, namely, augHe pyroxene and anarthite feldspar. In 
addition, magnetic pyrites or pyrrhotine is also found, often forming hexagonal 
crystals perfectly distinct, as was long si me observed by M. Gustavo Rose.* 
The aluminous meteorites referred to this iiootion have recently received from 
that eminent mineralogist the name of euhrvteSy from eux/oeroc, distinct. The 
alumina and lime occmr here in larger proportion than in meteorites of the com- 
mon type, while on the contrary the magnesium is in. less quantity.! It will be 
seen that this composition presents a certain analogy with some well-known 
lavas, such as those of Etna, formed of pyroxene associated with labradorite 
feldspar ; while it approximates still more closely to the composition of other 
lavas mth anorthite, which have been met with at the Thjor8<\, in Iceland. 

In the aluminous meteorites, the external coating is lustrous instead of being 
dvU, as in meteorites of the common type ; it is at the same time remarkable for 
the distinctness of the striss and indurated globules which it presents. TLis two- 
fold circumstance appears to correspond to a greater fusibility of the substance, 
due to the simultaneous presence of the alumina and lime. Besides the meteor- 
ite of Juvinas, may be cited, as pertaining to this type, those whidi fell 22d 
May, 1808, at Stannern, in Moravia, and 13th June, 1819, at Jonzao (Gharcnte- 
inferiearo). The presence in one of these melemites, examined in 1825 by M. 
G. Rose, of minerals having the same crystalline forms with those of terrestrial 
mineral species, which have moreover the same composition, constitutes an im- 
portant fact in the study of these cosmic bodies ; for it serves to show the unity 
of the laws which govern the inorganic world throughout the immensity of space. 

A second section comprises meteorites principally formed of magnesian sili- 
cates. It is represented by the meteorite which fell 3d October, 1815, at Chas- 
signy (Haute-Mame). The magnesian silicate is peridot, which we have men- 
tioned as existing in preceding groups, and which pi-esents itself here, constitut- 

* See, respectiniip the crystallized miuerals which occur in meteoric stones, *^ Annates 4t 
Chimie et de Physique,'' 1826. 

tA.s an example, we will cite the meteorite which fell lUth Jane, 1821, at Javinas, 
( Ard^cbe, ) the analysis of which, made heretofore by Vauguelin and by Laugier, has been 
lately repeated by M. Bammelsberg. According to the latter, the composition is as follows : 

Pyroxene augite 62.65 

Feldsparimorthit^ 34.56 

Apatite 0.60 

Titanite 0.25 

Chrome iron 1.35 

Magnetic oxidalated iron 1.17 

Magnetic pyrites 0.25 

Total 100.83 
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mg nearly the whole of the mass. It is identical with that which oecnrs on 
the earth, and contains disseminated grains of chrome iron.* On the stone of 
Ghassigny, as on other meteorites, there is a crust resulting from a superficial 
fusion. 

IV. MBTEOKITBS OP THE FOTTRTH GROITP OR ASIBEROUS. 

The meteorites in which no iron disseminated in a metallic state can be recog- 
nized are rare, and the more attentively meteorites are Hndied with a view to 
the presence of metallio iron, the more is the number of the specimens of this 
last gi'oup reduced } it is nearly restricted at present to Ihe caHxmaceotts meteor- 
ites. These present in their composition peculiarities of such a kind that it 
would have been impossible to believe in their origin, had not their fall been 
witnessed. A recent occasion has allowed these interesting bodies to be studied 
with minute attention. It is the presence of carbon which characterizes them, 
uot free or in the state of graphite, as in certain fermginous meteorites, but in 
admitted combination with hydrogen and oxygen; it is also the presence of 
combined water ; finally, it is the presence of soluble, and even deliquescent 
saline constituents. To complete these distinctive characters, it must be added 
that a double carbonate of magnesium and iron, of the species hreuneritey has 
been met with in the meteorite of Orgueil. 

In certiun respects carbonaceous meteorites ally themselves with those of 
which we have already spoken. Like the latter, they contain magnesian sili- 
cates, including sometimes oxides of nickel, cobalt, and chrome. There is found 
also oxide of magnetic iron, magnetic pyrites, innumerable microscopic crys- 
tals, having scarcely a diameter of 1.30 of a millimetre,t and finally chrome iron. 

The presence of carbon, in a state of hydro-oxygenated combination, and 
analogous to the results of vegetable decomposition, has led to an investigation 
whether the carbonaceous meteorites might not contain remains which had 
belonged to living beings. But the most delicate researches have disclosed 
nothing of this kind. However. this may be, the presence of substances easily 
volatilized, or alterable under the action of heat, would prove that at the moment 
when the carbonaceous meteorites penetrated into the atmosphere they were cold. 
The incandescence which they have undergone has produced, by the fusion of 
their superficial portion, a thin crust, but the weak conductibility of the con- 
stituent matter has preseiired the internal parts from sensible alteration. 

The carbonaceous meteorites, of which we possess specimens, are referable to 
four descents, all quite recent The first took place at Alais, (Card,) in 1803 \ 
the second at the Cape of Grood Hope, in 1838 ; the third at Kaba, in Hungary, 
in 1867; and the fourth at Oigueil (Tam-et-Garonne,) in 1864. We owe to 
Berzelius, Faraday, and M. Woenler, the discovery of the principal facts relating 
to the constitution of the meteorites of this sub-group. More recently M. Glo^z 

* The following is the result of the analysis which BiL Damour lias made of this interestiDg 
neteorite: 

Saica 35.30 

MagDesium 31.76 

Protoxide of iron 26.70 

Protoxide of manganebe 0.49 

Oxideof chrome #.. 0.75 

Potassium 0.66 

Chrome iron and pyroxene 3.77 

Total 99..S9 

fhis composition is that of the variety of peridot, rich in protoxide of iron, and known ond^ 
the name of hyalosiderite. {Compter Rendust t. Iviii, 18o4.) 
t Especially in the meteorites of Orgueil. ComjUes lUndui, i. Iviii, May 30, 18G4. 
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bos studied the carbonaceoos meteorite of Or^ueil, and chiefly the state of coOn- 
bination of the carbon, (Camptes BenduSy t. Iviii, 1864). M. PisanijOn his par^ 
hae examined this last meteorite, principally with reference to the stony matteik 

APPENDIX TO THE PRBCEDINQ GROUPS. — ^PULVBRITLBNT UETEORITBS. 

The skies furnish not only coherent masses, stony or metallic, bnt also pnl- 
veruleut matter. The existence of this meteoric dost has not attracted, so much 
as it should have •done, the attention of savants. This circnmstanco may be 
referred to the extreme difficulty of distinguishing the dust which is truly cosmi- 
eal, from that whose origin is terrestrial, and which is, beyond comparison, moat 
abundant. 

To the examples cited above, of the descent of terrestrial matt^, we may add, 
as well-known, the pretended showers of sulphur resulting from the fall of poh 
ler.ic dust, and certain silicious rains, which Ebrenberg has recognized as being 
forme<l by the carapace or shells of infusoria. But, apart from these terrestrim 
substances, we should distinguish those which are really cosmical. For example, 
in some meteoric falls, the stones have been accompanied by dust. Thus, 14th 
Mai'ch, 1813, at the same time that there fell at Cntm, in the Galabrias, a quan- 
tity of stones, an abundance of red powder was collected.* Again, 5th Novem- 
ber, 1814, it was remarked that the 19 stones picked upat Doab, in India, were 
•nwloped, as it were, in a pulverulent matter. 

In certain cases, the fall of dust has been observed without the accompani> 
ment of stones, but always announced by those remarkable phenomena of light 
and sound which we liave already desfcribed. The catalogue which Ohladni 
published in 1842 makes known a number of examples, and among them th« 
following. In 1819, at Montreal, (Canada,) a black i-ain was observed, accom- 
panied by an extraordinary obscuration of the sky, by detonations comparable 
to those of discharges of artillery, and by the most brilliant gleams of light. 
At first the burning of some forest in the vicinity, in coincidence with a violent 
storm, was supposed, but the collective phenon^ena, and an examination of the 
matter which fell, analogous perhaps to the meteorite of Orgueil, proved that the 
disturbance was due to the arrival in the atmosphere of substances foreign to 
eur globe. At IxBban, in Saxony, there fell, 13th January, 1835, a powder 
formed of oxide of magnetic iron. This followed the explosion of a bolide, 
which moved, it is said, with extraordinary velocity, while the detached frag- 
ments appeared to blaze in traversing the atmosphere. 

It is perhaps to meteoric dust that we should ascribe the trails which follow 
the meteorites at the moment of their explosion ; perhaps, also, it is to the com- 
bustion of this dust that the incandescence of bolides is in part due. The oar^ 
bonaceous metoorite of Orgueil, so interesting in many points of view, has been 
highly instructive as regards the existence of meteoric dust. It is so friable that 
some pieces are reduced to powder by simple- pressure between the fingers ; it 
k matter of surprise that they should have reached the surface of the earth 
entire. This fact may perhaps be explained by remarking the two following 
circumstances: First, each fragment was enveloped, at the moment of its fall, 
^1n a vitrified crust, more solid than the rest of the mass. Besides, the different 
parts of the meteorite are cemented by alkaline salts ; water, by dis9olvin<^ this 
eement, occasions the complete disintegration of the meteorite, which is reduced 
*''^ a dust of the utmost tenuity .t Hatl the sky, on the 14th May, 1864, inj«teml 

* BiUiotkique Britnnniifue^ 1813 nnd J814. Admiral Krii^nstern was witness of a fact 
which should be cited on this occHsion. He observed, in bis voyn^ around the world, a 
bolide which left behind it a luminous trail, remarkable for its persisteace ; it continuod to 
ahine for an entire hoar, without sensibly changing its place. 

i The powder in question traverses even the closest filters. 
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of beiBg perfectly clear, been rainy, or simply covered witb clouds, through which 
those stones would have had to pass, such is their constitution that only a viscous 
mud would have remained to be gathered, similar to that which, on some occa- 
sions, has been observed to fall.* 

The study of the meteorite of Orgueil shows, finally, that meteorite dust may 
be combustible, and contxibute to incandescence by its oxidation. In view of 
. these different facts, it cannot be questioned that great attention should be paid 
to the fall of atmospheric dust. It might be well, after the explosion of bolides, 
to seek in the air for thb pulverulent matter, by all the means which science now 
places at our disposal, and to examine it, especially, with a view to detecting the 
presence of nickel. 

Gaseous meieoriteSy (mentioned by way of suggestion). Does the celestial 
space ever furnish gaseous matter? This we know not; but without speaking 
of shooting stars, it is not impossible that certain meteorites, or the bodies from 
which they are detached, are provided with an atmosphere. Whether this be so 
or not, for the sake of completeness, and in order to call attention to the point, 
we indnde gaseous meteorites in our list. 

§ 2. CLASSIFICATION OF XBTBORITBS. 

After indicating the different types to which meteorites may be referred, it is 
proper to express their relations by means of a classification. That which we 
here present, thoagh otherwise very simple, has requii'ed the invention of a cer- 
tain number of names, which, as indicated in the following table, will be found 
convenient. It comprises only groups and sub-groups; bat each of the latter 
embraces several difi'erent types which need not be specified in so compendious a 
review: 

Solid and Coherent Meieoritee. 



fln>KKI1'B&— 

Meteorite! 
contalolng^ 
iron In a^ 
metallic 



GROUP. SUB-CROUP. EXAUPLIS. DKNSmB6. 

Hot oonichi- \ 
ingr stonjSl. HOLOSIDKROOS •. — ...m. .....CharcM.... 7.0 to a 






Containing 

atttieBame 
time iioa^ 
and itony 
, matter.... 



'The iron pre- 1 
wfots hteir( 
asaoonttn- j 
nous mam. J 



n. STSSIDIEOVS. 



The Iron pre-) 
■ents itnelf llELfiPORADO-SID- 
in dlsiemin- 1 BROUS 



AsiDntma.' 
Meteorites 
not eon- 
tainlng 
Iron in a 
metallic 
state. 



.IV. AsmiRous.. 



.Rittenirrtin. 7.1 to 7. S 



Quantity of iron S ^"Ji^ f 6. 5 to 7. 
connderable... ) v"«»- J 

OligottderouM.-' 1 

QnaaUtjoflronSAnmaio.... 3.1 to 3^6 
•maU J 

perceptible to f Jnytaiai.... 9.0 to aS 
light J 



...^......^.Oignea.... 1.9 to 3.6 



§ 3. C(»MPOSITIOK OF METEORITES COMPARED WITH TERRESTRIAL ROCEB.*— 

SIMPLE BODIES. 

From some hundreds of analyses, which have been conducted by the most 

* Thus, in Lusace, tith March, 1796, there was seen to fall, after the explosion of a bolide, 
a mass which was viscous, bluish, and probably carbonaceous. 
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eminent chemists, it resnlts that meteorites have pfesented no ample body for- 
eign to oar globe. The elements which have thus far been recognized in them 
with certainty are 22 in number, and in the following enumeration are arranged 
very nearly in an order corresponding to the progressive diminution of their im- 
portance : Iran is absolutely constant, as well in a metalhc state as in that of 
a snlpharet ; in the stony masses it also occurs as an oxide, entering into differ- 
ent combinations of , the protoxide. Magnesium is met with very generally in 
the state of a silicate ; it has been recognized also in the constitution of the phoe- 
phoiets mentioned above. SUicitim gives rise to the silicates which constkate 
the principal mass of most meteorites. Oxifffen is always present in the stony 
part of these bodies. Nickely as has been seen, is the prindpal acoompaiiiment 
of the iron. Cobalt, without being in as great proportion, is almost as constant. 
The same is the case with chrome, which is found in the stones in the state oi 
<}hromated iron. Manganese has been often mentioned. TUamum is mnch 
more rare. Tin and eojpper have been discovered by Berzelins. Aki$Mna exists 
in a certain number of meteorites, in the state of multiple silicates; so likewise 
do potassiumj sodium, and calcium, Arsenie occurs in the peridot of the iron 
meteorite of Atacama. Fhosphortts presents itself chiefly in the state of pho&- 
phurets, and sometimes of phosphates. Nitrogen, discovered by Berzeliua in 
the carbonaceous meteorite of Alab, has been detected anew in the ferraginona 
meteorite of Lenarto by M. Bonssingault. Stdphur very frequently forms boI- 
phurets. Traces of chlorine are distinguishable in certain iron meteorites bj 
the chloruret of iron which it produces after a time, and which falls into deliques- 
cence. Carbon is found in ii'on meteorites, either as graphite or combined with 
the metal as a carburet. It exists also in the carbonaceous meteorites, in com- 
bination with oxygen and hydrogen, and in one such meteorite it has been met 
with in the state of a carbonate. Hffdrogen also forms a part of the carbon- 
aceous meteorites ; quite recently M. Graham has given notice of its existence 
in the iron of Lenarto, in which nitrogen had been already detected. 

COKBINATIONS COMMON TO METBOBITBS AND THB TBBBBSTBIAL GLOBB. 

In the number of the combinations which these different simple bodies affeet in 
meteorites, there are several which are found in the mineralogical species of the 
earth. Such are peridot, pyroxene and the anorthite feUdspar, chromaied iron, 
magnetic pyrites j and oxydvdated iron; the last is singularly rare. Chra]^^ 
and probably water, may also be cited among minerals common to meteorites 
and the terrestrial globe. 

Moreover, certain meteorites present mineralogical species associated after the 
same manner as in certain terrestrial rocks. It is thus that the stone of Juvinas 
approximates extremely to certain lavas of Iceland; that the stone of Gbassi^y 
offers all the ohamcters of the peridot of the earth, with gndns of chromated iron 
disseminated, exactly as in the peridotio rock called dunite, recently discovered 
in New Zealand; while the carbonaceous meteorites recall, in oert^ respects, 
some of our carbonaceous combustibles. 

MTEnSBALS PBCT7LIAB TO MBTBOBITBS. 

On the other hand, several mineralogical species are peculiar to meteorites, 
especially nickeli/erous native iron, the phos^uret qfiron and qfnicM, (^cArab- 
ersite,) and the sulphwrei of iron {iroUite). 
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CHAPTER III. 

STNTHBSIS OF HBTBORIXeS.— § I. SYNTHBTIC BXPBRIKENTS BELATIVB TO 

METEORITES. 

While the spedee common to meteoritee and to the terrestrial globe disclose 
influences which have operated equally in these two orders of deposits^ the 
species proper to meteorites indicate other and peculiar influences, an attentive 
examination of which leads to useful indications in regard to the mode of form- 
ation of these last bodies. Be it remarked, however, that we lay aside abso- 
lutely all consideration of the cause by which meteorites are brought into onr 
atmosphere, in order to confine ourselves solely to the peculiarities of their 
structure and composition. 

It has been sometimes thought that meteorites became crystallized in otir 
itoiosphere by the process of cooling undeigone therein. Now, nothing of the 
kind exists. These planetary bodies reach us, it is true, in an incandescent 
state ; but this incandescence never attains the interior of the pieces, even when 
they are of very small dimensions. Hence it follows that the interior condition 
of the mass is, to all appearance, identically what it was in cosmic space. 

It has seemed to me that the moment was opportune for verifymg by syn*- 
thetio experiments the numerous ideas which analysis has furnished on the con- 
stitution of meteorites.* It mifht be hoped, in effect, that experimental syn- 
thesis would not render lees service in this field of study than in that of mincF- 
als and terrestrial rocks. 

FBRBUaiNOUS METEORITES. 

We have seen above what is remarkable in the structure of these bodies, and 
what is due at once to the crystallization of the whole mass and to a se^egation of 
like material. In seeking to reproduce that structure, I first melted the meteonc 
iron of Gaille ( Var) in a cement of alumina, avoiding the use of charcoal, which 
would have combined with it. The mass, after fusion, presented at its surface 
and in its fracture a distinct crystallization ^ but it no longer offered the brilliant 
lines which were so clearly delineated in the natural state. Perhaps the result 
had been more satisfactory if the cooling could have been efiected in a very slow 
manner. It is proper to add, moreover, that the iron meteorites themselves do 
not always present the geometric regularity just indicated. There are those in 
which the phosphuret is isolated under rounded forms, quite irregular and often 
indistinct 

Another series of experiments had for its object to associate soft iron with each 
of the principal substances which accompany it in the meteorites, particularly 
with nickel, silicium, sulphur, and phosphorus. By associating soft iron with 
nickel, with protosulphuret of iron, and with silicium, masses were obtained of 
a dendritic or extremely crystalline structure, but offering no true segregation com- 
parable to that of the ferruginous meteorites. It is otherwise if we melt soft iron 
with the addition of phosphuret of iron in a proportion which has been earned 
from 2 to 5 and 10 per 100. We then see isolated on the polished surface which 
has undergone the action of the acid a more* brilliant and resisti^nt substance 
which perfectlv resembles that of the iron meteorites, excepting a less degree of 
regularity in the figinre. A still bettor result has been obtmn^ by introducing 
nickel at the same time with the phosphuret of iron, and especially by operating 
on considerable masses, the weight of which reaches from two to seven kilograms. 
In the midst of dendritic figures of a remarkable regularity, and which, accord- 

* **Compte8 rendos," t. Ixii, pp. dOO, 960, 6G9. ** Bulletin de la tod^t^ g^ogique Je 
Fr»«." 2d «ri«. t xxiH. p. 2§f. 1866. ^^.^^^^ ,;GoOg\e 
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ing to an examination mado by M. Des Gloizeaax,%ppoar disposed in the forms 
of the regular rhomboidal dodecahedron, we then perceive the brilliant matter, 
ifiolated, and, as it were, driven into the interstices, under a reticolated form. 

STONES. — VUBXOTX. 

As meteoric stones always reach ns covered with a black and vitreous crast, 
dne to a superfiGial fusion effected in their transit through the atmosphere, it 
might be thought that by melting them in crucibles we should obtain nothing^ 
else but this same vitreous matter ; but experiment has taught that it is qait« 
otherwise, and that these substances possess, on the contrary, a very decided 
aptitude for crystallization. Thus, by liquefying the meteorites of more tbaa 
thirty different descents, I have always obtained masses eminently crystalline. 

If meteorite^ qf the common type be submitted to a temperature sufficiently 
high, the mass, after fusion, is composed of a precipitate of small metallic grains dis- 
seminated in a silicated gangue of lithoid appearance. This lithoid part itself 
is generally divided into ciystalline substances, very distinct in form. The one 
consists of rectangular octahedrons, much flattened, and having the form and 
arrangement which characterize peridot, especially that which is formed in scoriae. 
This same substance is presented under two other forms in the products of fusion.* 
The second substance habitually presents prisms with a rectangular section, often 
aligned parallel with one another, and living a fibrolameliar fracture whick 
strongly resembles that oibroneite. Their opadty does not ordinarily permit of its 
being decided whether they pertain to the right system of the rhomboidal prism 
or to the oblique system. Yet as they are, for the most part, devoid of iron, and 
contain scarcely more than magnesium, they must be considered as pertaining 
not to pyroxene, but to' the species enstatUe, Moreover, on the product of the 
fusion of the meteorite which recently fell at Tadjera, in Algiers, numeious 
tmcolored needles are to be observed which, examined with the microscope, show 
very distinct angles approaching to 87^, like those which oon'espond to the cleav- 
ages of enstatite, (Comptes rendus, t. Ixvi, p. 517, 1868). The chemical assay 
of these two substances justifies the conclusion to which we are led by the crys- 
tallographic examination. 

We have seen that the analysis of most meteorites of the common type dis- 
closes the existence therein of at least two silicates ; the one alterable, the other 
unalterable by acids. In the experiments of which I have just given an account 
a parting takes place between these silicates which were originally in such inti- 
mate intermixture that they could not be distinguished. They separate by a 
sort of liquation, and much more distinctly than in the natural meteorite ; it is 
thus that, under different forms, the magnesian silicates, peridot (Mg. Si.) and 
enstatite, (Mff. Si*.,) make their appearance. The relative proportion of peridot 
and of enstatite, in the products of the fusion, vary much with the meteorites ; ic 
is generally the enstatite which predominates, and in a certain number, (Chan- 
tonnay, Ensisbeim, Agen, Ghateau-:Eenard, and Yorcill^,) the peridot do<»s not 
appear in distinct crystals. On the contrary, the peridot may show itself in pie- 
dominance, as in the meteorite of New-Ooncord. The reduction of the iron, 
which was in the state of a silicate, does not appear to have had any other eflfect 
than to augment the proportion of enstatite at the expense of that of peridot, 
without other change in the nature of the compounds. 

The situation of these two species respectively, within the mass obtained, 
deserves attention. In general, the peridot, when it exists, forms at the surface 

* According; to the examination which M. Des Cloiseaux has made, oiie of those forins is 
of crystals with six faces, composed of the base P of the prism g^, aod of the truncatioa ^i ; 
the other form is composed of the base P and of two basils, {biseaux^ ) of which one placed 
on the obtuse angles of the primitive prism of ] 19^ 30', pertains, by the angles, to the f«inn 
ai, while the other is placed on the acnte angles. ><-^ t 
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a thm and crystallized pelticle, while the interior is composed of long crystals 
of enstatite which traverse it : these two substances are thus grouped conformably 
to their order of fusibility. Very frequently the needles of enstatite extend 
to the surface of the mass, with an arrangement which perfectly resembles 
that of the mica called palmate, contained in certain pegmatites of the Pyrenees 
and the Limousin. This dendritic grouping of the enstatite has a very decided 
tendency to arrange itself, under a constant angle. There is observable, also^ 
in the two species of magnesian silicate, a remarkable tendency to git>np them- 
selves regularly one on the other, as is seen in the staurotide and the disthene ; 
and certain crystals having the form of peridot serve, as it were, but for the 
union of the numerous needles of enstatite which traverse them, th.us recalling 
the structure of certain psendomorphs. 

These mixtures, easily discernible by the naked eye, pass into others which 
are indiscernible, and in which the substance, having a homogeneous appearance^ 
like ceitain natural meteorites, betrays its compound nature only by a separation in 
the presence of acids. It should be remarked, further, that meteorites include 
certain substances, such as the silicate of alumina, which form no essential part 
of the peridot nor of the enstatite, but which remain hid in the ciystals of these 
two mineral species, doubtless by virtue of the affinity which M. Cbevereul has 
tennQdcapillarif. • * • Thea^ummou^ tne^eonfe^, of which those of Jnvinas^ 
of Jonzac, and of Stannem afford the best-known examples, give a ))roduct 
entirely different from all the magnesian meteorites which we have been consider- 
ing : it is a vitreous mass, sometimes ribanded by incipient dovitriff cation, but with- 
out crystals of peridot or of enstatite. 

In the course of these investigations the presence of a body has been recog- 
nized which does not appear to have been observed until now in the magnesian 
meteorites; I speak of titanium, distinguishable by its characteristic color and 
its unalterability on contact with acids, and which has been thus detected in the 
melted meteorites of Montrejeau and Aumale.* 

IMTTATIOH' OF METEORITES OF THE COMMON TYPE BY REDTTCTION OF 

SILICATES. 

The fusion of meteorites of the common type produces, as has been seen, two 
principal minerals, peridot and enstatite. Hence it was to the terrestpal rocks 
characterized by the presence of these two minerals that resort was had, in the 
first instance, for the experiments in contemplation. The first step was to fuse 
them in crucibles of earth without the intervention of a reducing agent. 

By simple fusion in such a crucible peridot was converted into a green trans- 
lucent mass covered with crystals of peridot and entirely crystalline in the interior* 
as appears by its action on polarized light. Its structure is often lamellar, like 
that of the peridot of the scoriee.f The fused peridot contrasts, therefore, by its 
consistence with the granular and but little coherent peridot usually contained 
in basaltic rocks.} Lherzolite, formed of a mixture of peridot, enstatite, and 
pyroxene, melts still more readily than peridot, and gives masses which repro- 
duce the natural rock so as to be easily mistaken for it; with this diff<^nce, 
tliat, on the surface and in the interior, needles of enstatite may be observed, 
which were not distinguishable before the fusion. Thus the needles, perfectly 

* This metal, annouDced in the pyroxenic meteorite of Juvinas, by M. Kammolsberg, has 
sppearad, also, very dearly on the globules of iron obtaioed by the fusion of that meteorite. 

f The peridot on which most of the experiments here cited were made comes from the basalt 
near Laugcac, (Uaute-Loire,) where it abounds. A peridot of this locality, analyzed by 
Uurthier, yielded lii per 100 of protoxide of iron. 

t 'i'he basalt appears not to have had, at least in general, a temperature sufficiently high to 
melt the lar^ fragments of peridot which were i nbedded in it. Yet it may, ]>erhaps, nave 
been capable of dissolving a part, and have thus given rise to the crystaU, well deliued but 
of small dimension, which are sometimes disseminated through it. y--^ i 
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white, furnished by the Ibenolite of Piades (ia the Pyrenees) yield <m analyna 
in 100 parts :♦ 







Oxygen. 


Ratio, 
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Silex 
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43.0 i 
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Mti^uesiiim. ....*.......••*.. .... ...... .........••..••.. 
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1 








98.4 





Certain baaaltio peridots, mingled with pyroxene and enstatite, offer the strong- 
est resemblance to Iberzolite, and, under the action of fire, deport themselves in 
the same manner. For instance, the needles obtained by the fusion of the peri* 
dot of Beyesac (Haute-Loire) give in 100 parts : 



Oxygon. 



Ratio. 



Silex 

Magnesium 

Protoxide of iron 



56.4 
39.0) 
3.0 J 



98 
15 



98.4 



By the addition of a cerUun quantity of silex, the proportion of bisilicate or 
enstatitc may be augmented at will, and produce those mixtures which form the 
transition from peridot to Iherzolite. The same bisilicate is generated along the 
walls of the crucible by borrowing silex from them. I will remark hero that by 
adding to peridot 15 per 100 of silex, the quantity necessary for its conversion 
into enstatite, and then melting it in the midst of charcoal, we obtain a mass cx)v- 
ered on its surface with flattened rectangular octahedrons of the fonn which 
belongs to peridot, while the interior consists of a fibrous mass unalterable by acids, 
which has the characters of enstatite. An identical fact takes place in the fusion 
of certain meteorites. 

The minerals, which had l>een first submitted, as above, to simple fusion, 
were next subjected to the same action in the presence of a reductive influence. 
For this purpose cliarcoal disposed as brasque in a cmoiblo was first adopted. 
The same results as before were thus reached, with this difference only, that the 
iron, which was combined in the silicate, is reduced to the metallic state. It 
separates hito precipitate and granules or remains disseminated in the uudecomposed 
silicate in microscopic grains separable by the magnetized bar ; at the same time, 
the portion of silicic acid corresponding to this iix>n contributes to augment the 
proportion of the bisilicate. All the iron, however, is not reduced to the metaU 
lie state ; a part remains in combination in the silicate ; and it is worthy of 
remark, that the green coloration, so characteristic of peridot or olivine, gives 
place to a general gray tint analogous to that of meteorites of the common type. 

This product of the reduction and fusion of peridotic rocks greatly resembles, 
therefore, that of meteorites treated in the same manner. The analogy subsists, 
in a striking manner, for the stony part j it equally subsists for the metallic part- 
In effect, the metallic iron, proceeding fix)m the i*eduction of the peridot of Lan- 
gmtc, contains O.G per 100, or 0.006 of nickel. That furnished by the Ihcr/.olito 
of Lherz likewise contains nickel and phosphurct in addition. I have obuiined 

* Theve different chetnical analyses were made by M. Stanislas Meuuier, assistant natu:alif t 
at the muscuui of natural history. ^->. j 
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leBolts still more decided and obaracteristio by operating on masses of peridot 
and Iherzolite weighing as mnch as 12 kilograms. Precipitates of iron, relatively 
voluminous and susceptible of bein^ submitted to the experiment of WidmaYi- 
statten, have thus been obtained ; also a very distinct paiting and the appear- 
ance of a regular figure produced by the unattacked matter. 

Further, it has thus been possible to observe a fact whigh in operating with 
small granules had passed unperceived, but the importance of which will not 
escape those who have had occasion to examine the natural external surface of 
masses of meteoric iron. I speak of the angular forms, such as are presented by 
the iron meteorites of Gbarcas and of San Francisco del Mesquital, and also of 
those problematic capsules, such as are displayed particularly by the first of these 
blocks, and still more distinctly by that of Juncal, {Camptes JRendus, t. Ixvi, p. 
701, 1868.) Certain of these grannlations present the angular forms, and their 
artificial surfaces bear, moreover, depressions here and there, characters wholly 
analogous to those which we have jnst recalled. They have manifestly origin- 
ated during the cooling by a sort of monlding of the iron against the stony mat- 
ter, which bas become tongh, if not solid, when the iron was still possessed of 
fluidity. In presence of this result, we would seem to be brought back to the 
hypothesis enunciated on occasion of the iron meteorite of Toula, and the angular 
forms of the meteorites of Charcas and San Francisco del Mesquital, {Comptes 
JRendus, t Ixvi, p. 573,) according to which hypothesis the meteoric irons were 
produced in the midst of silicated masses,, between which they were moulded and 
from which they were ultimately detached. 

We have thus seen meteorites reproduced in the general featares of their com- 
position ; we will find that they have been imitated with equal saccess in certain 
intimate details of their structure. 

If we examine with the microscope a thin lamina of peridot or Iherzolite after 
fusion, we observe, as in the greater part of meteorites of the ooromon type, those 
series of parallel straight Imes resembling strokes of the burin, remarkable for 
their regularity, in the midst of clefts of irregular form. These lines are owing 
to the existence of planes of cleavage. Moreover, fine needles of enstatite, par- 
allel and perceptibly equidistant, arranged also in clusters, recall the details of 
texture disclosed by the microscopic examination of a number of meteorites.* 

The globular structure is so frequent in meteorites of the common type that it 
has earned for this whole group the denomination of chondriie. Now, we see 
similar grains, or spherules, make their appearance in many of the experiments 
conducted by the fusion of magnesian silicates. Among these globules some 
have a smooth surface, others a dnised surface, or one rough with small micro- 
scopic crystals. The latter entirely resemble the globules of the meteorite of 
Sigena, (17th November, 1773,) of the friable variety. These globules are not 
attacked by adds, like those of the meteorites. The analysis of a specimen has 
shown that it contains more silex than the bisilicate. Lastly, the surfaces of fric- 
tion, with a coating of graphitic appearance, which many meteorites present in 
the interior, as, for example, that of Alexandria, (2d February, I860,) are well 
imitated with the fused silicates which contain iron reduced to very small grains, 
when two fragments are rubbed one against the other. 

In another series of experiments, hydrogen, not charcoal, was employed as the 
reducer, and the results were found to be of the same order; thus, Iherzolite and 
pyroxene exposed to a cui-rent of hydrogen abandon, in the state of metal, the 
iron which existed in the form of silicate of protoxide. The reaction may be 
eflected at a temperature which does not exceed the red. Under these same con- 
ditions the phosphates, whether alone or in the presence of the silicates, are 

^ Apart from the instance of the mateorite of Aumale, I will refer the reader to those which 
are figured in tbe important work of my learned friend Gustave Rose, for the meteorites of 
Krasnoi'Ugol, of Stauropol, and for the peridot of tbe iron meteorite of Pallas, (PL i, Fir. 
10. and PL iv, Figs. 7. b, 9.) (^r^r^rrT^ 

Digitized by VjOOQIC 



330 EXPEBDOSNTS BELATIVE TO METEOBITES. 

redaoed to phospbnrets, so tliot the final product of the Action of the hydrogen 
presents a great chemioEd analogy with the meteorites. 

nCITATIOK OF HBTBORITBS OF THB COMMOK TTPB BY OXIDATION OF 

SILICHJBBTS, 

There is a second method by which we are enabled to effect the imitation of 
meteorites. It is the inverse of the preceding, and consists in heating the domi- 
nant bodies of meteorites of the common type, other than the oxygen, that is to 
say, the iron, the siliciom, and the magne^am, in an atmosphere incompletely 
oxidizing, and by condocting the process .not only to roasting, but fusion, or in 
effect to scorification. 

By exposing to the high temperature of the gas blow-pipe siliciuret of iron 
contained in a brasque of magnesium we obUuu a perfect imitation, in all that is 
essential, of meteorites of the common type* The iron is separated, as wqU in 
a metallic state as in that of a silicate, and peridot is produced, partly in a cry»- 
tallized form. This peridot presents divers shades, among others the olive tint 
which. is habitual to it in nature. • ##••#• 

$ 2. DEDUCTIONS AS BBSPBCT8 THB ORIGIN OF THB FLANBTAR7 BODIBS 
FBOK WHICH MBTBOBITBS ABB DBBIVED. — ^TEKPBBATUBS. 

In the first place, is it possible to form an idea of the temperature at which 
the cosmical bodies in question are formed f 

The experiments above stated seem to authorize us to assign to it certain limits. 
The temperature was doubtless high, since the anhydrous silicates, such as peri- 
dot and pyroxene, were produced. It appears, however, to have been lower than 
that at which the preceding experiments were conducted. Two facts lead us to 
this supposition. The hi^h temperature employed in the laboratory resulted in 
the fonnation of silicates in well defined and voluminous crystals ; such as are 
never met with in meteorites. It is worthy of remark, in fact, that the silicated 
substances, which compose the meteorites of the common type, are always in the 
state of very small and confused crystals, notwithstanding the strong tendency 
which they have to crystallize. Were we to seek some analogy in nature, we 
should say that the crystals obtained by the fusion of meteorites recall the lon^ 
needles of ice which liquid water forms in congealing, while the fine-grained 
structure of natural meteorites resembles rather that of hoar-frost or snow, formed, 
as we know, by the immediate transition of atmospheric vapor to a solid state, 
or perhaps that of the flour of sulphur produced under analogous conditioni^ 
Moreover, in meteorites the foim of the grains of iron is wholly irregular and» 
as it were, tubercular, (Sierra de Ghaco). But the temperature employed in 
these experiments caused the metallic granules to take, in general, a spherical 
form ; which is never observed in meteorites. 

I have sought to imitate the mode of dissemination of metallic iron in silicates^ 
as it occurs in common meteorites, by exposing to a high temperature an inti- 
mate mixture of reduced iron and Iherzolite. After fusion of the whole, the 
particles of iron reunite in numerous and still very small grains, the globular 
form of which, easily distinguishable, especially after the specimen has been 
polished, contrasts with the grains of tubeicular form disseminated in the mete- 
orites. 

Let it be distinctly observed that, in all cases, this original heat does not 
exist when the masses penetrate into our atmosphere. In effect, the carbon- 
aceous meteorite of Orgueil is composed of a stony matter, holding in combina- 
tion, or in intimate mixture, even in its central parts/ water ana volatile sub- 
stances ; it is, by reason of so sensitive a nature, a true thermometer d maximum, 
which indicates to us that these bodies could not be else than cold at the moment 



Digitized by VjOOQIC 



EXPERIMENTS RELATIVE TO METEORITES. 331 

•f their arrival in oar atmospbere, for it is not in the latter that tbese Yolatile 
oompounds can have been incorporated with them. 

CHEMICAL COlfSTITUTION AND MODE OF VOBMATION. 

After the experiments which we have detailed, the very characteristic nature 
of the masses from which meteorites proceed may be readily explained, and that 
in a two-fold manner, according as we have recourse to the experiments of reduc- 
tion or to those of oxidation. 

It has been seen that the characters of meteorites are reproduced, even to the 
intimate details of their structure, in the reduction of basic silicated rocks bj 
means of charcoal. Let us not conclude, however, that the meteorites have been 
formed by this process ; for if this were so, the carbon would doubtless have car- 
bnretted the iron in a very considerable degree, as in steel or in casting, which 
18 not ordinarily the case. Moreover, there is room for asking, in the case in 
which the formation of meteorites may have been accompanied by a reductive 
action, whether it would not be necessary to attribute it rather to a hydrogenated 
atmosphere.* The ingenious experiment by which M. Graham has verified the 
presence of hydrogen in a state of occlusion in the meteoric iron of the specimen 
of Lenarto, would serve as a confirmation of this idea, which had been announced 
previously to the discovery of the eminent English chemist, [Comptes Eendus^ 
19th February, 1866, t. Ixii). 

In place of considering the cosmical bodies with which we are ocoapieil as the 
result of a reduction of silicated rocks, perhaps it is more simple and conclusive 
to have recourse to the idea of an oxidation analogous to those which we have 
artificially realized. Let us suppose, as has been done for our globe, that the 
silicium and metals of the meteorites have not always been combined with oxygen, 
as they are at present for the most pai-t, and this, perhaps, because the initial 
tempei-ature of these bodies was sufficiently high to prevent them from entering 
into combination, or because, being at first at a distance, they did not approach 
one another. 

If, in consequence of refrigeration, or from any other cause, such as an approx- 
imation of these bodies, the oxygen comes to act suddenly, it will unite itself 
with the more oxidable elements. The silicium and magnesmm will burn before 
the iron and nickel ; and if the burning gas is not sufficiently abundant to oxi- 
dize the whole, or if it does not act during a sufficient time, it will leave a metal- 
lic residue composed of the less oxidable bodies ; these metals, the iron and nickel, 
must remain disseminated in a gangue of silicates while retaining their metallic 
state, exactly as we observe it in the meteorites. Moreover, there will be thus 
formed a silicate of magnesium more or less rich in protoxide of iron, having the 
composition of peridot. 

As is now seen, if we suppose the oxidation pushed successively to dlfierent 
degrees, the preceding experiments explain not only the formation of meteorites 
of the common type, but also that of the group of syssiderous and of the sub- 
group of polysiderons meteorites. These bodies are, therefore, to be assimilated 
to products by the dry way. This mode of formation appears not to apply so 
well to the meteorites pertaining to the group of cryptosiderousj and particularly 
to those of the type of Juvinas, of Stannem and of Jonzac. It has been seen 
how close an analogy allies them with certain aluminous lavas formed of pyrox- 

* If these meteorites have been thus formed, there moAt have been water prodaced on ibe 
surface of the bodies of which they made » part. But those bodies may not have been able 
to preserve the water by reason of their small dimensioiis. Further, the redaction, if it has 
taleen place, could only have been partial ; for, in general, the iron is but rednceid in part, 
whether in a metallic state or in the state of a snlpbiiret or phosphaiet i another part of this 
same metal is ordinarily combined, as protoxide, in a aiUoata» and also in the state of chro- 
mated iron, (chromite of protoxide of iron.) 
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ene and anortbite. Now water, in the presence of which these last were formed, 
could have been no stranger to their crystallization. In no case do these rocks 
crystallize under the conditions of dry fusion, as the magnesian silicates so read- 
ily do ; fusion transforms them into vitreous and amorphous masses. Hence, the 
meteorites of this last type seem rather products by the mixed way, which we 
might imitate, perhaps, by operating in water overcharged with heat. 

As to the carbonaceous meteorites, they differ from all others, in that, doubt- 
less, several of the substances which constitute them have been formed at a tem- 
perature but little elevated. At first view, we might be tempted to consider 
them as planetary vegetable earth ] but it is possible, and the supposition is even 
probable, that these carburetted compounds have been formed without the con- 
currence of life and represent the last terms of certain reactions. 

§ 3. DBDUCnONS AS EESPBCTS THE POBMATION OF THB TERRESTEIAL 
GLOBB. — ^ANALOGIES AND DIFFEBBNCES BETWEEN KETBOBITES A2fJ> 
TERBESTRIAL BOCKS. 

We have seen above how much analogy of comnosition exists between mete- 
orites and sundry terrestrial rocks. Not only do they include the same simple 
bodies, but the three bodies which predominate in the series of meteorites, namely^ 
the iron, silicium, and oxygen, are also those which predominate in our globe ; 
besides, we discover therein mineral species common to both and associated in 
the same manner. 

It should here be remarked that the rocks which offer such traits of resemblance 
with the meteorites all pertain to the deep regions of the globe. They are 
eruptive masses of a basic nature, or lavas, or peridotic rocks, the reservoir of 
which is situated below the granitic stratum. We will recall (1) the lava formed 
of anorthite and of pyroxene, and such liS has been found at the Thjorsa, in 
Iceland, for its approximation to the aluminous type (or that of Juvinas), the 
sixth of the seven principal types of meteorites which have been established 
above ; (2) the peridot and the Iherzolite, which present striking resemblances 
with the silicated part of the magnesian meteorites, and particularly with those 
of the common type. We know^ from the examination made of it by M. Damour,* 
that the Iherzolite is composed of peridot, with which are united enstatite, pyrox- 
one, and sometimes spinelle, (picotite)i The magnesian meteorites mav also be 
compared to the hypersthenC; pervaded by grains of peridot, which has been 
brought from Labrador. 

But by the side qf these resemblances between meteorites and certain terrestrial 
masses there exist differences which deserve no less to fix our attention. These 
differences bear essentially on the state of oxidation of the iron. Meteorites, 
like terrestrii^l rocks, contain protoxide of iron combined with silicium (silicate) 
and with the oxide of chrome, (chronpated iron). On the contrary, oxydulated 
ut>n, so frequent in our basic silicated rocks, fails, in e^eneral, in the meteorites. 
£t is there replaced, in some sort, by native iron, which, on the other hand, is 
j^anting in our rocks.t 

There is a second difference of the same character with the preceding. The 

* Bulletin de la SoeUli giologique tU France, 2d B^ne, t. xix, p. 413. On this occasion, it 
'.8 mere justice to acknowiedjjfe the acntenees o£ observation of M. Lelidyre, who as early as 
1787, in annoaucing tbe discorery of this remarkable rock, already recognized it us a 
vanity of chrysolite, or peridot, (Journal de Pk$$iqu£, May, 1787, letter to de la M^therie.) 
Twenty-five Tears later, M. de Charpeatier supposed he had demonstrated this same rock to 
be no other than a pyroxene in mass, and this conclusion was hastily and very generally 
adopted. The variations presented by iheriwUte serve to explain the too absolote conclusion 
•f a minerak>eist so expeneneed. 

t It is tme that oxydnlated iron is found in the carbonaeeona meteoritea, such as that of 
Orgueil ; bat these last pertain to a rare and wholly special category. 
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pbospburet of iron and of nickel, first rooognized by Berzeltns, is found almost 
always associated with the meteoric iron. This, like native iron, is entirely 
deficient in oar rocks, where it is replaced by the phosphates particularly fre- 
quent in the basic silicated rocks.* 

Without insisting farther on some other contrasts of the same nature, we recog- 
nize that the essential difference between these meteorites and the analogous ter- 
^ restrial rocks consists in this : that the first contain, in a reduced state, certain 
' substances which the second contain in an oxydized state. Everything leads 
to the belief that masses between which there exists such a similarity of compo- 
sition would have been identical, notwithstanding their immenle separation, if 
they had not undergone difiei-ent actions. 

nCPORTANCB OF THB MAGNBSIAN ROCKS OF THB PEBIDOT TYPE, AS WELL 
IN THE TERBSSTRIAL GLOBE AS IN OUB PLANETARY SYSTEM. 

Among the basic silicates there is one which presents itself with remarkable 
constancy in almost all the varieties of meteorites, from those of iron to those of • 
stone, properly so called ; this is peridot. In the latter it is rarely solitary (Chas- 
signy) ,- commonly it is mixed with more acid silicates, often in nndiscemible 
parts, t On the other hand, peridot necessarily exists in the profound depths of 
our globe. 

In effect, the basalts of the most distant regions have brought up fragments 
of it, which often remain angular, and which would be pronounced to have been 
torn from a deep and pre-existent mass. Detached peridotic masses abound, as 
is well known, in different volcanic regions of France, (Langeac, Haute-Loire, 
Monfcrrier, Herault,) on the banks of the Rhine (environs of Lake Laacb,) and 
in other countries. At the same time there are other pyroxenic rocks in which 
peridot is abundant, as, for example, in the dolerites of the environs of Montar- 
ville and of Montreal, in Canada, wherein, according to M. 8terrv Hunt, {Oeologp 
qf CanadOy pp. 464, 706,) it forms sometimes newly half of the total weight. 
Uocks rich in peridot have also been met with, traversing the chalk, in the neigh- 
borhood of Teschen, in Bohemia, and have been described by M. Tschermak, 
who has recently published a notice on the presence of olivine in rocks, {BuU 
letin de V Academic de Vienne, 11th July, 1867). Again, peridot constitutes the 
base of the Iherzolite which has made an eruption at many points of the Pyrenees, 
among others, near the lake of Lherz, and which occurs in other countries, 
llius it is known in the Tyrol, and but a few years ago was discovered in New 
Zealand, where it forms an entire chain, by M. de Hochstetter, who has given it 
the name of dunite; more recently still it has been found in Nassau, at Trigen- 
stcin, by M. F. Sandberger, who calls it by the name of olivir{fels, (Lemhard's 
Jahrbuchy 1865 and 1867.) To this it may be added that M. Kjerulf has lately 
asceilained that a rock which abounds in the environs of Bergen, Norway, and 
which M. Keilhau had heretofore considered as a metamorphic grit, is composed 
in part of nickeliferous peridot, with which are associated chromated iron, and 
talc. It may be further noticed that, after having recognized peridot in the rock 
of Elfdalen, in Sweden, M. 6. Rose has found it also in the augite rocks of 
Neurode, in Silesia. 

We are thus led to recognize that the part fulfilled by peridot, so restricted 

* The stone of Jwriutm, in which M. RMuneUberg has MiDOonoed iron in the state of a 
phosphate, only afiords conflrmation of this rale ; for it contains metallic iron only in the 
minutest quantity. It was difficult, therefore, that any phosphniet of that metal should be 
formed. 

tOf more than 150 meteorie Mis rspreaented in the ooUeetfons, we p oss ess as yet only 
fonr which pertain to the alnmiooos type, being those of Jnvinas, Jonsac, Stannem, ana 
Petersborg, (United States. ) The others are magnesian meteorites, which, aUnost all, contain 
peridot. 
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on the BorflEUse of the eartb, is, beyond doubt, predomimmt at a oertain depth. 
Hence, its importance may be inferred as well in regard to oar globe aa to the 
rest of our planetary system, as far, at least, as we can judge of the latter by the 
specimens which reach us. The rocks of peridot, therefore, excluded until now 
from the general classifications of lithology, would seem destined to hold hero- 
after'a special and considerable place in them. By annexing serpentine to the 
rocks in question we might comprise them under the name of Uieperidoticfamili/, 
or that of cosmical rocks. 

There is, in the mean time, no room for surprise that peridot does not come in 
greater abundatice to the surface of the globe. It is, in efiect, the most basic 
silicate that is known, and it has a strong tendency to take up silicium and to 
become transformed into a more acid silicate, such as enstatite or pyroxene, as is 
shown by the experiments heretofore detailed. Now, to cume from its primitive 
seat to the surface, it must necessarily have traversed rocks more acid than itself, 
and having kilometers of thickness. On these it would inevitably react, and 
may thus have given rise to those pyroxenic or amphibolic rocks which are so 
*namerons, and which establish a sort of transition between pure peridot and 
pyroxene. Perhaps it is to reactions of this kind that we must attribute those 
gradual passages of Iherzolite to pyroxenic or amphibolic rocks, of which th« 
I^yrenees present examples at many points.* 

TKANSPOKMATIOX OP SBRPENTINB INTO LHBRZOLITB OR INTO PERIDOT,— 
THBORBTICAL DBDUCTIONS. 

There is another magnesian rock which it is proper to place near the peridot 
and the Iherzolite, notwithstanding the differences which separate it from these 
last. Serpentine presents itself among eniptive rocks, with exceptional charac- 
ters, as being at once hydrated, infusible, and without distinct crystallization. 
Qeologists aSmit, 'generally, that serpentine results from the transformation of 
another rock, and that it is derived fL*om peridot, at least in certain cases where 
it has preserved the characteristic form of the crystals of that substance. 

Deferring the realization of serpentine from peridot as being at the present 
moment impracticable, I have been content to follow the invei*se order, that is, 
to transform serpentine into peridot. Here the relative composition of the two 
minerals pointed out the course to be pursued ; the serpentine differs from peridot 
only in containing water and including more silicium or less magnesium. It was 
requisite, therefore, to fuse the serpentme with the addition of magnesium in order 
to realize the constitution of peridot. 

By treatingin this manner the serpentines of Snarum, in Norway ; of Monte- 
Ferrato, in Tuscany ; of Sainte-Sabine, in the Vos^es ; and of Gaito, in 
Isera, I obtained, after fusion, masses confrisedly crystallme and offering in many 
of their parts all the characters of peridot. Needles of enstatite are frequently 
disseminated therein or cover the surface. The presence of this .bisilicate is 
explained by the fact that the specimens operated upon mi^ht include a little 
more silicium than the type of the formula (Mg' Si*) with which I had started. 

These results have led me to examine the proiluct of the pure and simple fusion 
of serpentines. The experiment made, in crucibles of earth, on specimens of 
different origin ^Snarum, in Norway ; Zoeblite, in Saxony ; Favero, in Pied- 
mont) has also yielded mixtures of peridot and of enstatite, though, in these, the 
former mineral appears in smaller proportion than in the fusions made in pres- 
ence of magnesium. The serpentine of Baldissero, in Piedmont, known by the 
veins of magnesium and resinite quartz which it has secreted, has presenteil the 
result best characterized ; needles of enstatite groaped with remarkable regularity, 
parallel with one another and in clusters, detach themselves m the midst of the 

* De Charpentier, £ffai fur la eomititutiou gSognosUque det Pffrtm€e9, 

Digitized by VjOOQIC 



\ EXPEBDIENTS BELATIVE TO KETEOBITES. 335 

crystalline peridot;* it is identically the same product yielded hy llierzolite. 
It should be remarked, however, that when serpentine is molted, without any 
addition, in a crucible, it cannot fail (o take up from the walls of the latter some 
of hs elements, and particularly silez. 

In these fusions, as in those of meteorites, the tendency which the peridot and 
enstatite have to crystallize causes them to appear in very distinct crystals ; but 
tlie product obtained includes, moreover, other silicates, aluminous or otherwise, 
which remain intimately intermixed, and, as it wore, dissolved in the interior of 
the foimer. 

These various results, the last especially, show that serpentine has often a 
decided tendency to change into peridot, as if it then onlv entered into its normal 
state. This is a reason the more for considering serpentme, at least in a certain 
number of its repositories, as a peridot or a Iherzolite which has lost a certain 
quantity of its magnesium, and has become hydrated, by an operation which 
recalls that of the conversion of feldspar into kaolin. 

The direct observation of rocks confirms this conclusion. On the one hand, 
there exist Iherzolites which gradually degenerate into serpentine, as is observed 
in certain localities of the Pyrenees ;t at Brezouars, in the Vosges ;| at Nonrode, 
in Silesia ; and in the rock knowm by the name of schiUerfels or bastite in Tran- 
gylvaDia,§ in Nassau, and elsewhere. || On the other hand, there are serpentines 
which manifest as clearly their relation with the peridotic rocks. A more demon- 
strative instance of this fact cannot be seen than in the serpentine of Baldissero, 
of which I have already spoken. One of the varieties of this serpentine per- 
taining to the collection of the Museum, where it was placed by M. Cordier, per- 
fectly recalls, in its external characters, the Iherzolite of the Pyrenees. I have 
cecognized, moreover, that, like the latter, it is interspersed with crystals of ensta- 
tite of the bronzite variety, with pyroxene diopside of an emerald green and 
cihromiferous, as well as with black chromiferous spinelle, sometimes in regular 
octahedrons, (varietv called pkotiie,) These three mineral species present in 
both rocks exactly the same fades. Yet, notwithstanding these analogies, the 
serpentine of Baldissero is distinguished from Iherzolite by its imperfect Iiardness 
and its persistency in water ; it constitutes, as it were, one of the states of tran- 
sition of the first rock to the second. The minerals which have resisted hydra- 
tation remain as witnesses of the primitive state, in such sort that the relation of 
kaolin to feldspar is not better demonstrated than the transibnnation which we 
are considering. « I 

There is nothing to prove that the hydratation which has been produced in 
the transformation of peridotic rock into serpentine was efiected by agencies on 
the surface of the globe. The eruptive serpentine of the Apennines, the Alps, 
and of so many dinerent countries, may have been ejected from below after hav- 
bg already acquired the water wluch it contains to-day. The manner in which 

flass is decomposed in water super-saturated with heat and is changed into a 
ydrated silicate, as I have verified in former experiments,^ would not seem to 
be without analogy with the reaction which may have produced the serpentine 
at. the expense of pre-existent anhydrous silicates. 
Not that I would pretend, however, that all serpentine masses result from the 

* * The pseodophite of Mount Zdiar, id Moravia, which contains ODttatite and which di£Een 
fit>in Berpentine by the presence of alumina, does DOt yield very diitinct crystals. 

t De Charpeotier, Etiais gur la eotutUmiion g€mw$tique des Pprtniei, 
• t Foumet, BulUlin Soe, Giotogiqme de France, & series, t ir, p. 2i27. 

$ Tschermak, BulUtin Acad, des Scienue de Viemne, loc. citato. 

I Id the new repository of Iherzolite discovered by IL F. Sandbergrer, in Nassan, that dis 
tingnished geologist has observed ail sorts of transitions of this peridotic rock into serpentine. 
Leonhard's Jakrbuek, 1865, p. 449. 

^Synthetic experiments on metamorphism. (AnnaUs des Mines, 5th series, t xvi, p. 4*?^.) 
On the formation oi seolites, {BuUetin Soc, Oeologique de Franu, 2d series, t. xvi, p. 588. ) 
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transfonnation of peridotio rocks j there are those, in effect, wMch have been con- 
sidered as being derived from pyroxenio and. other rocks. It is proper to observe 
on this occasion that the experiment by which I have shown above with what 
facility peridot is transformed into silicates less basic well explains, in general, 
the numerous transitions of serpentine to other rocks, as, in the first place, to 
euphotide, which is so ordinsuily associated with it, as well as to thedioritesand 
pyroxenic rocks, the prasophyres, &c., which accompany it in Tuscfany,* in dif- 
ferent regions of the Alps and in many other countries. 

The analogies which subsist between serpentine *and peridotic rocks have led 
to an examination of the former in reference to the synthesis of meteorites. If 
we melt serpentine in a brasqne of charcoal the grains of iron which are sepa- 
rated from it often include nickel in considerable proportion, as when we operate 
upon peridot. For exaftiple, the iron extracted irom the serpentine of Sainto- 
Sabine, in the Vosges, contains 0.67 per 100 of nickel. That of a serpentine 
of Mount Genevre has yielded it also, but in quantities too minute for accurate 
apportionment.t 

To these traits of similarity of composition between serpentines and meteorites 
is to be added the presence of chrome. On the one hand, chrome is found in 
most of the serpentines, not only in the state of a green combination, { but also 
in the state of chromated iron, as is observed in the most different cotmtries. § 
On the other hand, the important observation made by Laugier in 1806, || namely, 
that chrome is rarely absent in meteorites, has but acquired confirmation. There 
are, in effect, very few stone-meteorites which are not mixed, at least in a small 
proportion, with chromite or chromated iron. Thus, apart from its persistency 
in water, f^erpentine may be assimilated to meteorites of the common type, almost 
as rightfully as peridot and Iherzolite. It is proper further to remark that the 
carbonaceous meteorites (Cape of Gk)od-Hope, Kaba, and Orgueil) appear to con- 
tain a hydrated magnesium silicate, which M. Wohler states to be analogous to 
sexpentinc. 

I will add an observation on the formation of spinelle, which is sometimes dis- 
seminated in peridot, as is seen in some localities of the Haute- Loire, in* the Ihor- 
zolite of the Pyrenees, and in the serpentine Iherzolite of Baldissero. 

Peridot being the most basic magnesian silicate which the rocks afford, the 
presence of this spinelle seems susceptible of easy explanation. As the alumina 
was disseminated in a very basic silicate, with which it could not dispute the 
silicium, nothing remained for it but* to unite with the bases, magnesium and 

?rotoxide of iron. I have confirmed this supposition by a synthetic experiment, 
f we fuse the natural peridot, at a very high temperature, with alumina, (10 per 
100,) we shall see, after the fusion, in the crystalline peridotic mass, small black 
grains which are infusible, unaltered by acids, and which contain, at once, alu- 
mina, magnesium, andprotoxide of iron ; some of them exhibit the form of the 
regular octahedron. These crystals, all of which have the characters of pleo- 
naste spinelle, furnish a perfectly satisfactory reason for the formation of this 
mineral in the peridotic and the Jherzolithic rocks. 

CHAKACTBRS WHICH DISTINGUISH PERIDOTIO ROCKS. 

Among the characters of peridotic rocks there are three which clearly distin- 

* Paul Savi, DtUe Rocce qfioliUche delta Toscana, 1838, p. 11. 

t It is proper to recall on this occasion that the nickel first indicated by Stromeyer, in cer- 
tain serpentmes, at the same time as in peridot, has since then been found in the serpentines 
of regions far remote from one another— in Saxony, in Silesia, in Norway, in Texas, in Penn* 
syWania ; this metal is not wanting in the serpentines of Canada, according to the analyses 
of M. Sterry Hunt, (^Geoiogyrf Canada, p 471.) 

t Indicated long smce by valentine Rose and Klaproth. 

$ Department ot the Var, Saxony, Baden, the Austrian Alps, Moravia, Scotland, Norway, 
Greece, the Ural, nomeroiu depositories in the United Stages, Canada, Ac ^-^ t 

I AnnaUs du MuMum, t vii, p. 395, 1806. digitized by LrOOglC 
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gnish tbem from all otber mlioated rooks, and wMch deserve to fix the attenikm. 
(1) Peridot represents tbe most basic silioated type tbat is known, wbeUier ia 
the meteorites or in emptive rooks. In tbat series of wbieb it constitutes tbe 
first term and wbicb terminates at tbe granite, it forms tbe sp^pies at once tbe 
most simple in composition and tbe best defined. (2) Under tbe point of view 
of tbe mode of crystaUization, peridot, as well as tbe bisilicate of magnesium, or 
estatite, wbicb is its frequent companion, is distiuj^uisbed from tbe aluminous 
silicates, particularly from tbose of the group of ^Idspar, by tbe facility with 
which they are formed and become crystallized by tbe dry way, after simple 
fusion. On tbe contrary, it has never been found practicable to dystallize arti- 
ficially, under the same conditions, anything having a resemblance, even remotely, 
to feldspar and to granite. (3) Bocks "of peridot are veiy remarkable also by 
their great densitv, wbicb is superior, as the following table will show, to that 
of all otber eruptive rocks, and even to tbat of tbe basalts : 

Granite 2.64 to 2.7S 

Trachyte 2.62 to 2.88 

Porpbyrite 2.76 

Diabase 2.66 to 2.88 

Basalt 2.9 to 3.1 

Enstatite 3.303 

Lberzolite 3.25 to a33 

Peridot 3.33to3.36 

These different rocks must at their origin have been superposed on one another 
in an order conformable to their augmentation of density. The great density of 
the peridotic rocks justifies the normal position which they appear to bold within 
tbe crust of the earthy beneath the gramte envelope, beneath even the aluminous 
basic rocks. 

COMPABA.TIVX DBNSIUBS OT HBTBORITSS AND OV THB PRINCIPAL TBB- 

ESSTBIAL BOCKS. 

Setting aside the carbonaceous meteorites, wbicb should be considered as out- 
side of the series, we might conceive the meteorites to be disposed in concentric 
spherical strata, forming an ideal globe, whose density woula go on increasing 
from the surface towards tbe center. At tbe exterior would be the aluminous 
stones : then would come the peridotic stones, those of the common type, tbe 
polysiaerous, tbe syssiderous, and finally the bolosiderous. 

tre may remark that this theoretical section is not without some analogy with 
an ideal section of tbe terrestrial globe, distinction being made of tbe sedimen- 
tary deposits and of tbe granito-gneissic stratum. In this section tbe lavas would 
correspond to the aluminous meteorites ; below these tbe peridot would be the 
analogue of the stone of Ghassigny ; the lberzolite and otner rocks of tbe same 
kind would well represent the meteorites of the common t3^. Here, it is true, 
stop the analogies which can be durectly observed, but here also stops the knowl- 
edge wbicb we have of the more profound regions of our globe. There is 
nothing repugnant to reason in supposing that these more profound parts of the 
earth anord resemblances to the ideal globe which we have just constructed by 
the superposition of the different kinds of meteorites ; there is nothing to prove, 
in a word, that one of tbe globes does not complete tbe otber. 

Thb comparison, which may seem, perhaps, somewhat precarious, will be bet- 
ter understood by means of dbe following table, the first column of wbicb con- 

22 8 
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tains, with the deneittM, tho principal types of meteorites^ whfle the seoond ool- 
Qiun exhibits the priocipal terrestrial roc^s : 



I. 


Denuties. 


II. 


Densities. 


C( 


3.0 to 3. 
3.6 

as to a8 

6.5 to 7.0 

7.1 to 7.8 

7.0 to 8.0 


Stratified formations 


2.6 


l« 


Granite and nieiss. ...... --... 


5?. 7 


«« 


Pyiozenons iayas .. •••.•• ..... 


2.9 


Alamlnouf meteorites 


" It 
Peridot 


3.3 


Peridodc meteorites 


(C 

*Lberzolite.....* .. •••••• ..... 


a5 


Keteoritet of the common ^"pe. 

Pol JslderouB meteorites, (Sfcira 

de Cbaco) 


t( 

« 
<< 

(( 




Svssiderous meteorites, (Pallas.) 

Holosiderous meteorites, (Char- 

cas) 









PBBIDOT CONSn>BBBB AS A tJNTVBBSAX SCORIA. 

The idea to' which we have thus been condncted, in order to explain the origin 
of the planetary bodies from which meteorites proceed^ illostrates also the mode 
of formation of that thick silicated mass which constitutes the external part of 
the^ terrestrial globe. 

As early as the commencement of the century, Dietvy, after having made known 
the results of his admirable discovery of the composition of the alkalies and 
earths, supposed thai the metals engaged in these oxides might exist in a fn?e 
state in the interior of the globe ; and he saw in their oxidation, by the access 
of water and air, the cause of the heat and eruptions of volcanos. 

Subsequently this hypothesis has been enlarged by extending it to the origin 
of the terrestrial crust itself, which comprises, precisely in the state of silicates, 
the oxides of the metals most avid of oxygen ; namely, potassium, sodium, cal- 
cium, magnesium, aluminum, and by considering even the water of the seas as 
the result of the combustion of the hydrogen in this general oxidation or confla- 
gration. Sir Henry de la Beche, whose genius embraced all the great questions 
of geology, was among the first to propound this idea,* for whicn the way had 
been prepared by the important observations of Haussmann, Mitscherlich, and 
Berthier on the scoriffi of manufactures,f and which M. £lie de Beaumont ^as, 
with much justice, desi^ated by the expression oF natural cupeUation. { With- 
out long explanations, it will be seen how this theoretic view is confirmed and 
justified by the results which I have obtained in the synthesis of the meteorites. 

After what has been stated, it is natural to admit that the rocks of peridot, 
whose importance has been recognized in the constitution of the deeper regions 
of our globe, have the same origin with the similar silicates which form a part 
of the meteorites. These peridotic rocks would thus be, in our planet, the most 
direct product of a scorification which has been effected at an extremely remote 
epoch. 

* ReMearetu$ in Theoretical Geology, 1834. The French translation of this work was pub- 
lished in ]8:)8, by M. de CoUegoo. » 

t Amon(f the numerous observations of Haassmann, which extend back as far as 1810, 1 
would expressly mention his memoir entitled De usu Experientiarum MetaUurgiearum ad 
disquUiUoneM Geologica$ adjuoandaSf (GkBttinf^ gelehrte Aiizeigen, 1837.) It is proper 
also to mention that as early as 1823, Mitscherlich recognized the forms of peridot and 
pyroxene in the crystals of metallurg^ic scoriae ( Abhandlungen der K, Academie der Wissen* 
sehaften xu BeHin, 1823, p. 25.) 

X Bulletin Soc, Oeologique, 2d series, t. ir, p. 1326, 1847. 
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It is easential toiiaYe a oorreot nnderstaadiog reqMOthig this term scarifieaiion. 
We know that when a bath of impnre oastingR is kept in fasion in contact with 
the air, the iron is oxidized as well as certain bodies which are associated with 
it, of which silicinm is the most important. The oxidation gives rise to a fer« 
ruginoos silicate, which occupies the apper part of the metallic bath. This is a 
true liquid scoria; in cooling it' will at first become doughy, then solid; and in 
the latter state will present a compact lithoidal crystalline straotore; one wholly 
different, in a word, from the spongy and tufaceons snbstances to which we give 
the name of volcanic scori®. The former and metallargic sense is that in which 
we understand the scarification of tlie globe. 

As to the feldspc^hic rocks, many geologists consider that they have not been 
produced simply by the dry wav, as we have just shown has been probably the 
case with the deep peridotic beds, but that they have been formed by the ii^ter- 
vention of particmai: agents, among others of water. However this may be, we 
may here find, especiaUy in the trachytes, the other extreme term of the series 
of masses silicated in the general scorification. The opposition between these 
two types, the most distinct and the best characterized, bears not only on the 
mineralojyrical composition and the circumstances of crystallization, but also (fa, 
the density of these masses and their situation at depths necessigrily vexy difier- 
ent. Let it be remarked further that this primitive scorification, extending 
through a thickness so considerable, may, even at the existing epoch, present, 
according to the depth, masses in the three states of which we have been speak* 
ing — solid, viscid, or liquid. 

If metallic iron, quite habitual in meteorites, is wanting in terrestrial rooks, 
this difierence may simply result from the circumstance that in our globe, where 
the oxygen of the atmosphere is in excess, the oxidation may have been catnplete 
and have left no metallic residue. When, however, we say that the terrestrial 
masses contain no native iron it is evident that the question only regards those 
which eruptions render accessible to our investigations; masses which, in view 
of the great dimensions of our planet, form but a sort of coating. There is 
nothing to prove that below those aluminous masses which have furnished, in 
Iceland, for example, lavas so analogous to the type of the meteorites of Juvinas, 
that below oui peridotic rocks to which the meteorite of Chassigny so closely 
approximates, there do not exist Iherzolithio groups in which native iron begins 
to appear; groups, that is to say^ similar to the meteorites of the common typo; 
then, going still lower, types more and more rich in iron, of which the meteorites . 
offer us a series of increasing density, from those in which the quantity of iron 
represents nearly half the weight of the rock to the massive iron itself. 

8eme facts might, perhaps, be brought to the support of these views. Thus, 
platina, which its great density had probably placed, at the beginning, in profound 
regions, has, according to M. Engelhardt, been found associated wiUi native iron. 
At all events, this last metal is allied to iron in a proportion which exceeds 10 
per 100, and which suffices to render it strongly maguetic. It may be added 
that if, in the Ural, platina has never been found in place, it is often incrusted 
with chromate iron, and that it has even been met with still engaged in frag- 
ments of serpentine.* By this association, therefore, this metal seems to convey 
to us a new proof of the existence of magnesian rocks of the peridotic family, at 
considerable depths. 

ABSBHCB VSf THB HBTEOBITES OF STRATIFIED BOCSS AND OF OKAIHTB. 

Meteorites, so analogous to certain of our rooks, differ considerably from most 
of those which form the terrestrial erost 

*G. Rose, lUite muh Ural, t ii, p. .390. £« Play, Comptes Rendus de V Academic da 
SdenceSt 1846. 
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The most importaiit diffinwnee oooaftto in the £Bket that, in the meteontesy 
nothing has been found which resembles the materials that constitute the strati- 
fied formations— neither arenaoeoos rocks, nor fossiliferoos rooks ; that is to say, 
nothmg which testifies to the action of an ocean on these bodies any more than 
to the presence of life. 

A great difference is manifested, even when we compare the meteorites with the 
terrestrial rocks not stratified. Never has there been met with in the meteorites 
either granite, or gneiss, or any rocks of the same family which form, with these, 
the general layer on which rest the stratified formations. We do not even 
observe there any of the constituent minerals of granitic rocks-*neither orthose, 
nor mica, nor qnartz-^any more than tourmaline and other silicates which are 
associates of those rooks. 

Thus, the ffllicated rocks which form the envelope of onr globe are wholly 
wanting among the meteorites. It is, as has been seen above, in the deeper 
regions only that we must seek the analogues of these latter ; in those basie 
silicated rocks which only reach us in consequence of eruptions by which they 
have been expelled from their primitive repository. In every point of view, the 
absence in meteorites of the whole series of rocks which constitute, to so great a 
depth, the crust of the earth is a circumstance well calculated to arrest attention, 
whatever may be the cause. 

This absence may be explained in different ways; whether it be that the 
meteoric fragments which reach us do but proceed fixnn the internal parts of 
planetary bodies constituted like our globe ; or whether these planetary bodies 
themselves are deficient in silicated quartziferons or acid rocks as well as in 
stratified formations, In t^is latter case, which is tho most probable, they rnnsi 
have passed through evolutions less complete than the planet we inhabit ; and it 
is to tne cooperation of the ocean that the earth has owed, in its origin, its gnn* 
itic rocks, as it has owed to the same agency, at a later period, its stratified 
deposits. 

OBNBBAL OBSBBVATION. 

In fine, the privilege of utngmt^ pertaining to peridot, as well in onr deep 
subjacent rocks as in the meteorites, is explained, as the preceding experiments 
show, by the fact that it lis in some sort the tmwersai scoria. 

It may be concluded from what precedes that oxygen, so essential to organic 
nature, must also have played an important part in the formation of the planetary 
bodies. Let us add that without oxygen we can conceive of no ocean, nor of 
any of those great functions, whether superficial or profound, of which water is 
the cause. 

We thus touch on the foundations of the history of the globe, and draw closer 
the bonds of relationship, already disclosed by the similarity of their compoGOtion. 
between the parts of the universe whose nature it is given us to know. 



APPENDIX. 

DBVBL0PMB17T OF THB COIXBCTIOlf OF MBTBOBITBS OF THB ITOBBtnc. 

For the thorough study of meteorites it was indispensable to possesB a oolleo- 
tion in which the descents which have occurred in different countries should be 
represented in as complete a manner as possible, and in which they might be 
examined and compared with one another. For this reason it is proper to say a 
few words on the development of the principal collection of Fnu^ce. , 
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Specimens of divers meteoric descents had already been annexed to the'musenm. 
With a view of developing this rising collection, I made an appeal, which has 
been heard in Europe and in different other regions of the globe, hy nnmerons 
persons desirous of promoting science. In 1861 the specimens, representing 53 
faJls, amounted in number to 86, weighing altogether 691 kilogxams. On the 
30th of March, 1868, at which time a new and detailed catalogue was published, 
the number of falls represented, embracing the discoveries of meteorites of inoon- 
testable origin but unascertained date, was 203 ; the number of the specimens 
exceeded 550, and fonned a weight of 1,682 kilograms. 

' This collection, arranged at first in chronological order» has recently been 
classified methodically, in conformity with the prindples of daariflcation given 
above. 
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CATALOGUE OF METEOBIIES IN THE MINEBALOGICAL COLLECTION OF 

YALE COLLEGE. 

Stomg tneteoriies. 



^ 



TiiDAoff&lL 



Locality. 



Weight IB 
gnuns. 



1 

.2 
.3 

'4 
5 
6 
7 
8 
8* 


10 

11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 



40 
41 
42 
43 
44 
45 
46 



Nov. 
Dec 
Apr. 
Dec. 
Apr. 
May 
Nov. 
July 
Apr. 
Aoff. 
Feb. 
Feb. 
Aug. 
June 
Nov. 

Feb. 

Sept. 

May 

June 

May 

July 

Apr. 

June 

Oct. 

Feb. 

June 

June 

Mar. 

May 

Feb. 

Oct. 

Nov. 

Apr. 

Jan. 

Sept. 

Mar. 

May 

Feb. 

Mar. 

May 

May 

June 

Aug. 

Aug. 

Jan. 

Dec. 



7,1492-.. 
13,1796.... 
26,1803.... 
14,1807.... 
19,1808.... 
22,1808.... 
23,1810...: 

8,1811.... 
15,1812.... 

5,1812.... 
15,1814.... 
18,1815.... 
10,1818.... 
13,1819.... 
30,1822.... 
1822-'33 
10,1825.... 
14,1825.... 

9,1887.... 

4,1828.-.. 

8,1829.... 
18,1831--.. 
18,1838,... 

6,1838.... 
13,1838.... 
13,1839.... 
12,1841 

2,1843 

25,1843.... 

8,1846...- 
25,1847.... 
31,1849.-.. 
30,1850.... 
17,1851.— 
22,1852.... 

4,1852.... 

6,1853 

13,1855—. 
28,1857..-. 
26,1859..- 

1,1860.... 
12,1861.... 

2,1863.... 

8,1863.... 
12,1864^... 
30,1868 

5,1868.... 



Ensisbeim, France 

Benarea, (India) 

L*Aigle, France... • •••.. 

Weston, Connecticut - 

Borgo San Donlno, (Parma,) Italy 

Stannem, Moravia 

CharsoBville, France - 

Berlanguillaa, Spain 

Erxleben, Prussia 

Cbantonnay, Fmlice - 

Bacbmut, Ruseia 

Durala, India 

Siobodka, Russia 

Jonzac, France 

Futtebpur, (Allahabad,) India 

Umballa, India .^ 

Nailjemoy, liarvland 

Honolulu, Sandwich hdands 

Nashville, (Drake Credc, ) Tennessee 

Richmond, Virginia 

Forsyth, (jeorgia 

Vouilld, France 

Akburpur, India 

Chandakapoor, India 

Cold-Bokkeweld, Africa '.. 

Pine Bluff, (Little Piney,) Missouri 

ChAteau-Renard, France 

Utrecht, Holland 

Bishopville, South Carolina 

Macerata, Italy 

Linn county, Iowa • 

Cabarras countv, (Charlotte,) North Carolina 

Shalka, Bengal 

QuteTBloh, Westphalia 

Yatoor, (Nellore,) India .. — ... 

MeKo Madaras, Hungary 

Seegowlee, Baigal.- —• 

Island of Oesel,Xiivon]a 

ParnaUee, India 

Harrison county, Kentucky 

New Concord, (Guernsey county,) Ohio 

Qutahar Bazaar, India 

Buschof, Russia 

Pillister, Russia ..-.- — . .. 

Nerft, Russia 

Pnltnsk, Poland 

Frankfurt, (Franklin county,) Alabama 



•28 
1- 
902 
•17,300 
10 
•134 
9 
14 
13 
•42 
2 
3 
2 
2 
36 
1 
897 
•617 
425 
•311 
141 
5 
I 
41 
143 
24 
91 
4 
213 
3 
•661 
831 
1 
4 
•47 
90 
46 
6 
2,371 
17 
7,000 
92 
fU 
•16 
48 
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Iron m€tearite$, 

(With d«te of disepyery or description.) 



Time offal]. 



Locality. 



Weight in 
grams. 



1751, May 2C. 

1751 

1749. 

1784 

1801 

1808, (1814)., 

1811 

1814 

1814,(1815).. 

1818....:.... 

1819 

1820 

1827 

1829 

1834 

1839 

1840 

1840 

1841 

1845 

1845 

1845 

1845 

1846 

1847 

1849 

1849 

1850 

1850 

1850 

1850 

1850.. 

1&53 

1853 

1854 , 

1854 

1854 

1854 

1854 

1856 

1856.— 

1856 

1856 

1861 

1861 

18^ 



1867. 



I860. 



HrascbiDa, (Agram,) Austria 

Steinbach, Saxony 

Ki asnojarsk, ( Pallas-iron, ) Siberia , 

Xiqoipilco, (Toluca,) Mexico 

Cape of Good Hope, South Africa 

Hea river, Texas 

£lbogen, Bohemia ....1 • 

Bitburg, Eifel 

Lenar to, Hungary 

Lockport, (Cambria,) New York 

Burlington,- (Otsego county,) New York 

Guilford county. North Carolina 

Atacama i 

Bohumilitz, Bohemia 

Claiborne county, Alabama 

Putnam county, Georgia 

Cocke countj^, (Sevier, ) Tennessee 

Arva, (Szlanicza,) Hungary 

Scriba, (Oswego countyj New York 

Asheville, (Black Mount.,) North Carolina 

De Kalb county, ( Cary fort, ) Tennessee 

St. Augustine's bay ^ Madagascar 

Walker county, Alabama 

Carthage, (Smith county,) Tennessee 

Seelasgen, Prussia 

Pittsburg, Pennsylvania 

Chesterville, (Chester county,) South Carolina 

Schwetz, Prussia 

Salt river, Kentucky 

Bu£rs mountain, (Lexington co.,) North Carolina. 

Seneca river. New York 

Niokamak, West Greenland 

Lion river, South Africa • --• 

Tazewell, (Claiborne county,) Tennessee 

Madoc, Canada West 

Octibbeha county, Mississippi 

Tucson, Arizona 

Hainholz, Westphalia • 

Orange river, South Africa 

Nelson county, Kentucky 

Madison coun^, J^orth Carolina 

Denton county, Texas 

Fort St. Pierre 

Newstead, Scotland 

Robertson county, Tennessee 

Colorado river, near La Paz • 

Southeast Missouri 

Dakota t 

Near Chihuahua, Mexico 

Mexico, (Poinsett meteorite) 

Columbia, South America 

Arizona, (iron and olivine) 

Colorado Territory 

Franklin county, Kentucky : 

BusBoirs Gulch, Colorado 

Australia, (crust) ^ 



3 
*i 

*1.926 

. *900 

*12 

740,000 

8 

•63 

120 

3,154 

• 74) 

20 

83 

37 

74 

*382 

•1,080 

•1,237 

281 

15 

61 

7 

356 

104 

174 

253 

707 

• 256 
1,:^ 

53S 

•437 

141 

40 
418 

26 

1 

158 

8 

27 
112 

45 

68 
Zii 

96 
115 

11 

68 

51 

57 
42 

157 

?7 

120 

104 



The total number of stone falls represented is 47, of which the largest speci- 
men in the collection is one which fell at Weston, Oonneoticat, December 14, 
1807, weighing 36 J pounds, (16 J kilos. ) The number of iion localities is 56 ; the 
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latgeeit iron meteoiite is that from the Bed met, in Texas^ foond in 1808, wdgk- 
ing 1,635 pounds, (740 kilos.) The collection also omtains sevcftal spedmena 
not ennnierated in the catalogtie df qnestionable meteoric ori^n, sach as the 
siljcate from Concord, New Uompsliire, the iron from Hommoney civek, and 
others. The so^alled native iron of Canaan, Connecticnty long once shown to 
be a fnmace prodocty is also preserved in the mnsenm. 

It is desired to increase the number of specimens and localities represented in 
this collection, and for this purpose persons having knowledge of specimens or 
facts connected therewith axe solicited to communicate with Professor H. A. 
Newton or Professor 6. J. Brush, who are spedally interested in the investiga- 
tion of the astronomical, chemical, and mineralogiad relations of these interest- 
ing bodies. Spodmens marked with an asterisk are in duplicate. 

GEO. J. BEU8H, 
(hirator <^ the Minerdlogkal CoOcction qf Tgle CMege. 

Yalb Oollxox, Nbw Hayxji, Conh^ 

March 1, 18^9. 
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OBSERVATIONS ON THE ELECTRIC RESONANCE (BOURDONNEMENT) 

OF MOUNTAINS .• 



By H. Henri db Saussurb. 



[ TVmnaUUd for tke Smithsonian InoiUtUion^'i 



Leaving Saint-Morits (Grisons) Jane 22, 1865; I made an aaceoekNi of tlM 
Piz Snrlej; a mountain oompoeed of crystalline rooke, whose aommit, moie or 
less ooDiC; attains an altitade of 3,200 meters. 

Daring the previons days the north wind had oonstantlj prevailed ; on the 
22d the wind became variable; and the sky was charged with floating cloods. 
Towards midday these vapors aogmented and gathe^ in masses above the 
highest snmmits, snstaining themselves, however, at sach an elevation as not to 
veil most of the spires and peaks of the Engadine, on which fell soon some local 
showers. Their aspect of powdery vapors, semi-transparent, caased as to take 
them for mere squalls of snow or sleet. 

In effect, towards one in the afternoon, we were oorselves assailed by a fine 
and thin sleet, at the same time that similar squalls enveloped most df the spires of 
rock, sach as the Piz Ot, Piz Julier, Piz Langard, &c., iand the snowy sammits 
of the Bemina^ while a voilent fall of rain descended on the valley of Saint- 
Moritz. 

The cold increased, and half an hoar later, when we had arrived at the top of 
the Piz Snrley, the fall of sleet becoming more abundant, we disposed ourselves 
to take a repast, and leaned our staves against a small pyramid of dry stones 
which crowns the sommit of the mountain. Almost at the same instant I expe- 
rienced in the back, at the left shoulder, a pierdng pain, like that which would 
be produced by a pin slowly driven into*the flesh, and when I applied the hand 
to the place without fincung anything there, similar pain was felt in the 
right shoulder. Supposing that my linen overcoat contained pins, I threw it 
off; but, far from finding relief, I perceived that the pains augmented, invading 
the whole back from shoulder to shoulder ; they were accompanied by tickling, 
by distressing twinges, such as woald be produced by a wasp which was creep- 
ing over the skin and piercing me with stings. Hastily removing my second 
coat, I discovered nothing of a nature to wound the flesh. The pain, which 
still continued, then assumed the character of a bum. Withont reflecting, I 
imagined that my woolen shirt, though I could not tell how, had taken fire, and 
I was going to tl^ow off the rest of my apparel, when our attention was attracted 
by a noise which resembled the humming of laj:ge insects. This proceeded finom 
our three staves, which, inclined against the rock, were channUng loudly, giving 
out a whistling sound analogous to that of a kettle, the water of which is on the 
point of entering into ebullition. All this may have occupied four or five minutes. 

I comprehencied, on the instant, that my painful sensations proceeded from an 
intense electrical efflux which was taking place from the summit of the mountain. 
Borne extemporized experiments on our staves yielded no appearance of any 
spark nor any light appreciable by day ; they vibrated with force in the hand 

'The observations which follow had boon commonicatod by corraspondence to M. J. 
Foamet, who has iutrodneed them in his notioee on EUeirie Hegioag, published in the 
CompieM RenduM de fAendSmie dts Seienees, tome xliv, 1867. We give theo^h*'^ with some 
modifications and considered in a more special point of view. digitized by V^OC 
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and gave a very distinct Bonnd ; whether held in a vertical portion, with the iron 
point above or below, ci in a horizontal one, the vibrations remidned the Bame, 
but no soond escaped from the surface of the ground. 

The sky had become gray over its whole extent, although unequally chargod 
with clouds. Some minutes afterwards I felt the hairs of my head and &c« 
stand on end, imparting a sensation analogous to that of a razor passed when dry 
through a stiff beard. A young Frenchman* who accompanied me, exclaimed 
that he felt a sensation in every particular hair of his incipient moustache, and that 
strong currents were issuing from the tips of his ears. On lifting my hand I 
felt currents quite as distinctly escaping from my fingers. In short, a strong 
electricity was flowing from staves, clothes, ears, hair, and from all the salient 
parts of our bodies. 

A single explosion of thunder was now heard towards the west in the distance. 
We quitted the peak of the mountain with some precipitation, and descended 
about 100 meters. In proportion as we proceeded our staves vibrated less and 
less strongly, and we stopped when their sound had become so feeble as to he 
no longer perceptible except on bringing them close to the ear. The pain in the 
back had ceased with the fii-st steps of the descent, but I still retained a certain 
vague impression of it. 

Ten minutes after the first, a second reverberation of thunder was heard to the 
west at a great distance, and these were all. No lightning was seen. Half an 
hour afier \Me had. left the summit the sleet had ceased, the clouds broke away, 
and at 30 minutes after two we again reached the topmost point of the Piz 
Surley, there to find sunshine. 

W^ judged that the same phenomenon must have been produced on all the 
peaks formed by projecting rocks, for all, like that which we occupied, were 
envek^d in whirk of sleet, while no oondensadou showed itself in the rest of 
the sky; and the great snowy summits of the Bemina, to which clung groups of 
clouds, seemed also exempt from it. But, the same day, a violent storm bunt 
upon the Bernese Alps, where an English lady was struck by lightning. On 
the horizon, divers peaks, especially the sharpest, such as the Piz Ot and the 
Piz Languard, continued to be enveloped by sleety whirls, even when the sky 
had everywhere begun to grow bine. 

I had been the witness of another case of the efflux of electricity from the summit 
of mountains when I visited, some years ago, the Nevado de Toluca, in Mexico; 
but there the phenomenon had still more intensity, as might be expected, since 
it occurred under the tropics, at an altitude of about 4,500 meters. I may be 
aJlowed to cite here what I have elsewhere said of it,* 

In the month of August, 1856, I made, with M. Peyrot, the ascent of the 
Nevado de Toluca ; it was in the midst of the rainy season, and there was some 
degree of imprudenoe in attempting the expedition at that time. We attained 
the summit without any menacing appearance of the skies, though cumuli were 
to be seen here and there, and from time to time fogs settled on the needles of 
rooks which spring aloft from the crest of the mountaim We rested on the 
border of the crater to recover our strength and enjoy for a moment the grand 
spectacle whioh unfolded itself at our feet. From the he^ht of the ed^e the 
eye plunged into that immense amphitheater, whose focus, long extinct, is now 
oooupied by two sn^l lakes, towards which we were prepfO'ing to descend. ^ 
cold and disagreeable wind arose from this gul^ ana, while we were taikin^ a 
slight repast, we saw a thick cloud penetrate into the crater by its southeast 
notch and ascend towards us, eddying around the walls of the amphitheater. 
Presently we were enveloped in a glacial fog. Surprised by this tlireatcning 
symptom, we saw that wo had not an instant to lose if we wished to visit the 
crater, and I commenced clambering down over the nibbish which leads to the 
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bottom of the al>y88. Bat acarcely had I reached balf way when the stono, 
boiBting forth with aatoniahiiig saddsnneflB, obliged me to Teasoend as soon ae 
possible towards the p<mit I had left. 

There was at first a fine rain, then small hail, driven by a violent wind. In 
a moment the mountain beoame white and the cold intense. The bursts of 
thunder, at first interrupted, soon seemed to roll without cessation and with fearful 
crashes, especially when they issued from the circuit of the cititer, into which 
daited, at frequent intervals, flashes of lightning. Without shelter in the midst 
of these naked rocks, without even a block ^hind which to cower, nothing 
remained for us but to sit down on the earth *with backs turned to the hail. After 
the lapse of some time the cold became insupportable, and the dread with which 
the tempest had inspired us drove us from the summit, though our observations 
were unfinished. While we descended rapidly the rocks of the Nevado, rain 
for an instant eocceeded the hail, and as we coasted a small stony ravine,* formed 
by ancient outcrops of trachyte, and where the vegetation of shrubs commences, 
the storm seemed momentarily to subside. The thunder ceased or drew off to a 
distance, but we presently saw a grayish cloud advance, which enveloped us 
during its passage, and tvaa aecompamed mth sleet. Immediately the hair of our 
Indian attendants was observed to be in agitation as if aboot to stand erect, and 
we experienced various electrical sensations in the beard and ears. Next a dull, 
undefinable noise was heard, at first feeble though general, but presently stronger 
and perfectly distinct. There was a universal crepitation, as though the small 
stones of the whole mountain were clashing against one another. Oar terrified 
Indians gave firee vent to thdr superstition in words, and it cannot be denied 
that there was something disquieting in the sounds which then prevailed in the 
mountain. This phenomenon lasted five or six minutes, and the» the rain and 
thunder again commenced in full force. The storm bec^tme more supportable 
when we had descended to the upper limit of the forests, although one of those 
diluvial rains was falling which characterize the hot season undo: the tropics. 

M. F. Giaveri, an Italian physicist, settled at Mexico, who, before myself, had 
made an ascent of the Nevado de Toluoa at the commencement of the rainy 
season, recounted to mo that he had been a witness of the same facts, which he 
oould not recall without an impression of terror. The electric state was still 
more violent The traveler in question ascended the mountain May 19, 184(>, 
by the southeast side, starting horn Tenango, and descended by the northwest 
dope to Toluca. The southwest side was at that season destitute of snow. The 
electric phenmnenon was suddenly brought on by a cloud arriving from the west, 
and which had perhaps taken its rise on the fields of snow of that aide. Scaicely 
wero the travelers enveloped in it when they experienced the sensation which 
electridty produces, and this was almost immediately followed by a dull noise. 
They ielt irregular currents of electricity at all then: extromities, the fingers, the 
ears, the nose. The fear which seized them in the midst of these lofty solitudes 
impelled them at once to commence their descmit at a precipitate pace. The 
launder did not yet resound, but at the end of five minutes there feJH a snow 
resembling rice, and the cloud communicating its electricity to the ground, the same 
noise arose therefrom which I have indicated above. Thiis noise was very intense 
and seemed general in all the mountain. The long hair of the Indians became 
BUfi' and erect, giving to their heads an enormous magnitude. The sight of this 
phenomenon added to the panic terrors of the excursionists, who had counted upon 
iinding nothing but pleasure in the adventure. 

The very singular noise which makes itself heard in the rocks of the mountains 
at the moment of the electric phenomenon deserves to be studied by competent 
physicists. It resembles the rattling sound which pebbles would produce if 

* For g^rester precision I have modified this paMage, having writtmi in my tenner notioe : 
** OS we followed a stoaj vall^." There was, in ioct, bat a slight depression of the soil, 
whence the word " valley " says too much and might be misonderstood. 
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strack against one another on being alternately attracted and repelled by elec- 
tricity 3 but it appears to me to proceed unquestionably from a sort of crepitation or 
crackling of electricity escaping through the asperities of the stony surface. 

A thinl observation of the same kind we owe to M. Graven, who was sor- 
prised by the same metecHr near the summit of Popocatepetl, September 15, 1855, 
with this difference, that the incident taking place on fields of snow, the noise 
of the crepitation of the ground was not pvcSnced. 

The following are the analogous facts which have come to my knowledge : 

In 1767 H. B. de Saussure visited the top of the Brevent in company -with 
Pictet and Jalabert.* The travelets were there directly electrified to such an 
extent that on stretohing out their hands they experienced prickings at the end 
of the fingers ; the electricity escaped from them with a kind of thrilling 9ensation. 
Sparks, it was found, might be drawn from the button of a gold band which 
surrounded one of their hats, and also frt>m the iron end of a mountain staff. 
These effects were attributed to a great storm-cloud which occupied the middle 
region of Mont Blanc, and which gradually extended itself above the Brevent 
At a dozen toises below the top of that mountain the electricity was no longer 
perceived. The storm raged around Mont Blanc, but on the Brevent th»!e fell 
only a light rain of short duration, and then the disturbance was dissipatel. 
From this recital it is easy to see that the storm did not prevail upon the Brevent 
at the moment of the observation, since there was no rain falling; but that, at 
this point, the electricity discharged itself in a continuous current by the snmn^t 
of the mountain. 

In 1863, M. Spenoe Wataon, visiting, with some guides the Col de la Jung- 
fruu, was overtaken by a hurricane, attended with hail and snow. The staves 
commenced their peculiar thant; the expeditionists experiraiced seneations of 
heat in different parts of their bodies,! especially the head, and the bair stood 
erect ; a guide took off his hat, exclaiming that his head was burning ; a vai 
was kept stiff and straight in the air. Electric currents, at the same timey 
escaped at the ends of £e fingers. Claps of thunder (in the distance, for no 
li^tning was seen) for an instant interrupted the phenomenon. Finally, shocks 
were felt, and M. Watson had the right arm paralysed for some minutes. This 
ann continued for several hours to be the seat of acute pains.| During this 
time Hie wow fM whistling like haiil,\ But what is most remarkable was the 
emission of a noise by the snow, a crackling similar to that of a brisk shower 
of hail, evidently the analogue of that which the ground of the Nevado de Toluca 
emitted in the observation above described. The phenomenon lasted 25 minutes. 
It had no unpleasant consequence, except a burning in the faces of the travelers 
as if they had been exposed to the sun on the snow. 

M. Forbes, while crossing by St. Theodule, heard the chant of the staves, and, 
in July, 1856, M. Alizier, of Geneva, witnessed the same phenomenon near the 
summit of the Oldenhom, when the sky was overcast and a storm was imminent, 
which burst forth an horn: afterwards and was mmgled witk haiL\\ We wtU not 
speak of the storm during which Colonel Bnchwalderand his aid were struck by 
lightning on the Sentis. for there the phenomraon was of a different order and 
fails rather within the category <^ the thunderbolt. 

But the nocturnal iUuminalion of rocks pertains probably to^the phenomenon 
of electric efflux from culminant peaks. M. Fonmet cites, on this subject, the 
striking luminosity of the rocks of the Grands-Mulets (Mont Blanc), observed 
by M. Blackwall, on the night of August 11, 1854, and which was aooompanied 

* y^fuge dttn$ U$ AlpeSt tome ii. 

t Thb tensation of lieat seems to me to be of the same kind with the pain which I expe- 
tieiieed in the baek. 

t Alpine Journal, September, 1883. 

% Probably snow resembling rice, a sleety shower. 

I See the note (tf M. C. M. Briquet, {Edko des Alp^, 1865, No. 4.) 8»r h$ pMsomewt 
Ueciriques fiii aeeompmgneni les oraevs a det grandn dUUmiu^ where these observations mrs 

oUected and compared. Geneva. 1865. ^ 
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by sparks. On the other hand, the phenomenon of electricity displayed on the 
lakes, and on the veiy dry plains of elevated plateaux, does not seem to me of 
the same natnre* Finally, the surprising fact of the so-called galloping elec- 
tricity, coursing over prairies, observed by M. Quiquerez, near Courtamon, may 
be regarded as a variety of lightning ; a miniature lightning, resulting from 
the fact that the electrified cloud was grazing the earth and discharged itself 
over the whole surface by a thousand sparks, which were seen to run along the 
ground. It is probable that these phenomena should be divided into several 
categories, the causes of which are not identical. Some proceed from a static 
tension, others from a series of discharges having a certain analogy to lightning. 

^J'he phenomenon of the chant qf batons or staves, in other words, the reson- 
ance or battrd&nnement of the soil, constitutes still another spedes. It has been 
observed only en the summit of mountains or of culminant peaks ; never, as fax 
as I know, on plains or at the bottom of valleys. It supposes a continuous 
dynamic action, or an efflux of the fluid towards the clouds by the most salient 
terrestrial conductors, sensibly different from static tensions and abrupt discharges. 

If we collate the observadons which have been above indicated, we shall dis- 
tinguish therein several common features : 

1st. The efflnx of electricity by the culminant rocks of mountidns is produced 
under a clouded sky, charged with low clouds, enveloping the summits or passing 
at a small distance above them, but without the occurrence of electric discharges 
above the place whence the continuous efflux is proceeding. It would seem, 
therefore, that when this efflux takes place, it sumciently relieves the electric 
tension to prevent lightning from being formed. 

2d. In all the cases observed, the summit of the mountain was enveloped by a 
shower of hail or sleet, which leads to the supposition that the continuous efflux 
of electricity from the ground towards the clouds is not unconnected with the 
formation of the vapor and probably also with that of the hail. 

At the Piz Surley and at the Nevado de Toluca there fell a sleet or snow 
resembling rice, and at the pass of the Jungfrau the snow fell whistling like haU^ 
which seems to indicate that it was rather sleet which was falling than snow. 

Doubtless we should take into account the higher temperature of the valleys, 
where the hail, proceeding to melt^ turns into rain ; but still we do not think that 
in the particular cases which we have just indicated the phenomenon of rain 
falling in the valley and that of the sleet of the isolated mountain peaks relate 
to a condensation taking place in accordance with identical laws through the 
whole extent of the sky. Thus, in particular, during the observation of June 
22, 1865, 1 saw on the horizon all the spires of rocks, although isolated and far 
remote fiom one another, enveloped by a powdery sleet which continued for a 
long time, while in the rest of the sky all condensation had ceased, and in the 
valley there fell a copious shower of rain, but of very short duration. 

Moreover, the phenomenon which passed around the summits of the rocks was 
quite diffei-ent from that which deluded the valleys. Around these lofty pyra- 
mids there were columns of a fine sleet of great rarity ; in the valley a heavy 
and drenching rain, such as the thin sleet of the summits would not have pro- 
duced had it been converted into water. Around the elevated projectiqns, 
therefore, by which* the electricity was flowing off, the condensation presented 
the special character of being little abundant, powdery (fine sleet), and more 
persistent than in the rest of the sky. 

The electric phenomenon which has been described, and which we term the 
electric resonance of the mountains, seems not to be rare in high regions, without, 
however, being very frequent. Among the guides and hunters whom I have 
interrogated on the subject, some had never observed it ; others had heard it but 
once or twice in their lives. But it is proper to add that it is precisely on those 
days when menacing skies repel adventurers from the highest altitudes that the 
phenomenon manifests itdelf. 
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EXPEBIMENTS ON ANEROID BAKOMETERS MADE AT THE KEW 

OBSERVATORY. 



By B. Stewart, LL. D., F. R. S. 



(From the Proceedingi of the Royal SocUtp, London,) 

[The freqnent use of the atteroid barometer in meteorolojiricAl observatioiiB and in topo- 
grapbical sorve^s in this coantry will render the following paper from the proceedinfi^ of the 
Koy al Society of London interesting to many of the readers of the Smithsonian Report —J. H, ] 

In judging of the valae of an inatmrnent, says tho report, snch as an aneroid, 
it is not tho mere extent of difference between its indications and those of a 
standard barometer that ought to guide ns; but it is rather the constancy of it« 
indications under the various circumstances to which it may be subjected, that 
determines its value. An aneroid may differ from a standiuxl barometer at the 
ordinary pressure, and to a greater extent at other pressures ; but provided these 
differences can be well ascertained and remain constant, such an instrument ought 
to be regarded as valuable, just as much as a chronometer of known constancy, 
but of which the rate is wrong. 

The circumstances which maybe supposed to affect the indications of an aneroid 
may be classed under three heads, namely : 

1. Time. 

2. Temperature. 

3. Sudden variations of pressure. 

1. Time, — As to the influence of time, no definite experiments were made. 

2. Temperature. — A good aneroid is generally compensated by its maker for 
the effects of temperature, and the question to be investigated is, to what extent 
such compensations are trustworthy. I record the results of subjecting six ane- 
roids, each four and one-half inches in diameter, made by two different makers, 
to a very considerable range of temperature. 



No. of instmment. 



2 
3 
4 
5 
6 
7 





Correction 


at 


550 P. 


780F. 


78CF. 


880 P. 


—.105 
—.055 
-.095 
— .100 
—.101 
—.061 


-.135 
—.090 
—.095 
—.106 
-.111 
—.061 


—.140 
—.095 
-.095 
—.111 
— JIJ 
—.061 


—.145 
—.095 
-.080 
—.111 
—.106 
—.061 



100<^F. 



-.145 
—.100 
—.060 
—.111 
—.106 
—.031 



These results are, on the whole, very satisfactory, and appear to show that a 
well-made compensated instrument has its indications comparatively little affected 
by a very considerable temperature change. It ought always to be borne in mind 
that an aneroid is not capable of being read to the san^e accuracy as a standard 
barometer, and that the 1-lOOth of an inch is a very small quantity. Tliese 
temperature experiments were made at the ordinary atmospheric pressure. I am 
unable to say what effect a change of temperature would have at a diminished 
pressure. 
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3. Suddm changes {^pressure, — ^For the purpoee of inyostigating tbe inflnence 
of 8adden changes of pressnre upon tbe indications of aneroids, I applied to somo 
of the best-known makers of these instrnments for the loan of severaT, and through 
their coortesy in lending me a sufficient number, and for a sufficiently lon.i^ time, 
I have been enabled to invesUgate this influence at some length. In the foU 
lowing experiments the instruments were, to begin with, suspended vertically, at 
the usual atmospheric pressure. They were tapped before being read. The pres- 
sure wa^ then lowered an inch, and the instrument allowed to remain 10 minutes 
at this pressure before being read, after having been again well tapped. TIio 
pressure was thus reduced an inch every time, being allowed to remain 10 minutes 
at each stage ; the instrument was alwavs well tapped before being read, by 
means of an arrangement contrived for this purpose by Mr. R. Beckley. The 
exhaustion was carried downwards to 19 inches, and the instrument was allowed 
to remain an hour' and a half at its lowest pressure; the an: was then admitted an 
inch at a time, the previous arrangement as to time and tapping bein^ followed. 

Separating the results of the experiments into two sets, one comprising largo 

J four inch to four and a half inch) aneroids, and the other small instruments, wo 
Ind the mean down correction to be as follows, each aneroid being supposed 
right at 29 inches: 



. 


89 In. 


88to.ia7In. 

1 


96 in. 


95 to. 


94 to. 


93 In. 


99 to. 


91 to. 


20 to. 


19 to. 


roida 


.00 
.00 


.00 
+.01 


+.02 
+.09 


+.03 
+.03 


+.04 

+.07 


+.04 
+.07 


+.07 
+.09 


+.11 

+.19 


+.14 
+.17 


+.19 
+.23 


+.25 


Mean correction for foqr nnaU anc- 
roida 


+.25 







We see from these results, says Dr. Stewart, that if aneroids, right to begin 
with, be subjected to a decrease of pressure similar to that to which they were 
subjected in these experiments — 

1. That a well-constructed large aneroid will not go far wrong down to 24 
inches, but after that pressure its reading will be considerably lower than that 
of a standard barometer, so that a large positive correction will have to be applied. 

2. That small aneroids are less trustworthy than large ones, and probably 
cannot be trusted below 26 inches. 

3. That if previous experiments are made upon an aneroid, we are enabled 
by this means to obtain a table of corrections which, when applied to future 
observations with the same instrument, will most probably present us with a much 
better result than had we not verified our instrument at all, and that by this 
means we may use our instrument down to 19 inches with very* good results. 

Readings of these instrnments under increasing pressure, after remaining an 
hour and a half at the lowest reading, were recorded. 

The mean corrections for up readings are exhibited in the following table, 
each aneroid being supposed right at 19 inches : 





19 to. 


20 to. 


91 In. 


29 to. 


23 to. 


24 to. 


25 to. 


96 in. 


97 in. 


98 In. 


20 in. 


30 in. 


For fouttmaU aneroids.... 


.00 
.00 


+.03 
.00 


+.03 
+.01 


+.03 
+.02 


+.03 
—.01 


+.02 
—.01 


+.01 
—.09 


.00 
-.04 


—.03 
-.07 


-.06 
-.10 


-.08 
-.15 


-.11 
—.16 



We may learn from these results, says Dr. Stewart, that if aneroids whic}i haVe 
been subjected for at least one hour and a half to the lowest pressures which they 
register, have the pressure increased by means of the gradual introduction of air 
into the receiver, after the manner already described — 

1. That a well-constructed large aneroid will not go fiar wrong for about 8 iBohes 
above the lowest pressure. ^ , 
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2. That in this respect small aneroids are somewhat leas tnuitworthy than huge 
ones. 

3. That if the instrument read be previonsly tested and its corrections Sioer- 
tained, we may consider it tmstworthy (making nse of these ooirections) for up 
readings throughout a greater range than if it had not been so tested. 

I come now to consider whether a rapid change of pressure affects an aneroid 
after the experiment has been completed. 
The following table.will exhibit the results obtained in this direction-: 



Cometi<m before eipeiiment 

Immediately after experiment 

ElChteen hoan after experiment . .. 
Forty*elgfat bonra after experiment. 

Three dayi after expvrimeDt 

Time weeks after experiment 



Aneroid No. 



8. 


9. 


la 


14. 


16. 


—.10 

.00 

—.07 

—.08 


—18 
+.03 
—.00 
—.04 

—.10 


— .12 
+.C« 

—.11 


—.04 
+.06 
—.01 


-.05 
+.04 
+.01 


-*08 
—.13 


—.01 


-wOl 



It thus appears that if an instrument reads correctly before it is put into th« 
receiver it will read too low immediately afterwardsi and that it may be somo 
considerable time before it recovers its previous reading. * The instrument cannot, 
therefore, be safelv tnisted for absolute determinations if it has been recently 
exposed to rapid changes of pressure. 

The experiments hitnerto recorded, in which an inch of pressure has been taken 
away or added every 10 minutes, are perhaps analogous to ascents in a balloon, 
or descents from a mountain; they are not, however, precisely analogous to moun- 
tain ascentSy since a longer time than 10 minutes is usually taken to produce t 
change of pressure equal to one inch. 

At the suggestion of Mr. Charles Brooke, a cottple of aneroids were tested in 
April, 1868, with the view of rendering the experiment more analogous tea 
mountain ascent; 

The pressure was reduced by half an inch at a time, and at intervals of 30 
minutes, the aneroids being well tapped. 

The following corrections were obtained for down readings, (instraments sop- 
posed right at 30 inches :) 



At 


No. 8. 


No. 9. 


At 


No. a 


No. 9. 


Indus. 






Inches. 






30 


.OU 


.00 


24 


--.06 


—.01 


29.5 


.00 


-.03 


23.5 


+.08 


— .W 


29 


.00 


—.04 


23 


+.11 


—OS 


28.5 


.00 


—.03 


22.5 


+.12 


—.01 


28 


.00 


—.03 


22 


--.14 


.00 


27.5 


.00 


—.02 


21.5 


+.16 


+.08 


27 


.. • 




2i 


-.17 


+.04 


26.5 


.00 


—,02 


20.5 


^-.20 


+.06 


26 


+.01 


—.02 


20 


n-.22 


+.07 


25.5 


+.04 


-.02 


19.5 


- .25 


+.09 


25 


+.06 


—.04 


19 


-..27 


+ 11 


24.5 


+.06 


—.02 









These results, when compared with the previous determinations for these samo 
instruments, would seem to show that a somewhat better result is obtained when 
the exhaustion is carried on more slowly, and hence that the coirections dependi 
to a Gondderable extent, on the nature of the treatment received.^ qqq|^ 
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From all tbeeo experiments. Dr. Stewart oonolndeB as follows ; 

A good aneroid of large size may be corrected for temperatore by an optician, 
60 that the residoal correction shall be very small. 

If an aneroid, correct to commence with, be used for a balloon or moontain 
a£ccnt, it will be tolerably oorreot for a deorease of about six inches of pressure. 

A large aneroid is more likely to be correct than a small one. 

The range of correctness of an instrament used for mountain ascents may be 
increased by a previous verification, a table of corrections being thus obtained. 

£f an aneroid has remained some time at the top of a mountain, *and be sup- 
posed correct to start with, then it will ^ve good results for about eight inches 
of increase of pressure. 

A large aneroid is more likely to be correct than a small one 

If the aneroid has been previously veiified, it is likely to give a better result. 

After being subjected to sudden changes of pressure, the zero of an aneroid 
gradually changes, so that under such circumstances it ought only to be used as 
a differential and not as an absolute instrument, that is to say, used to determine 
the distance ascended, making it conect to begin with, or to ascertain the dis- 
tance descended, making it correct to begin with, it being understood that the 
instrument ought to be quiescent for some time before the change of pressm'e is 
made. 

[I have subjected many aneroids to the test of a sudden diminution of pressure 
under the receivers of an air-pump, but have never found one of which the index 
would return to the same point when the original pressure was restored. I have 
not, however, had recourse to tapping, whidi Mr. Stewart has found essential. 
The instrument in its present condition cannot be relied on to indicate absolute 
pressure, though it may be used in many oases with good effect in determining 
differences of pressure of limited extent.— J. H.] 
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ANNIVERSARY ADDRESS. 

OF THB 

PRESDENl! OF THE ROYAL SOCIETY OF VICTORIA. 



BT B. Lu J. Ellert.* 



GEiTTLEMEisr OF THE RoTAL SocEBTT OF VICTORIA : For the third time it 
devolves upon me as your President to deliver the annual address on this occasion, 
inaugurating our 13th session. 

The honor you have thus conferred upon me was, I confess, an unexpected 
one ; I beg, however, to assure you most earnestly thati am fully sensible of the 
distinction implied in your trust, and no less of the responsibility which it entails. 

On similar occasions it has been our custom to review the society's operations 
during the previous session, touching, also, on the scientific progress of our public 
scientific institutions during the past year. Adopting our usual plan, I now pro- 
pose to briefly review, first, the contributions laid before vou at your various 
meetings during your last session, following this by a general survey of the year's 
history of our scientific departments, and concluding with a brief notice of one or 
two of the more salient points of scientifiodiscovery belonging to theyear 1867 ^ for 
the scientific institutions of the colony derive so much strength and direction from 
the work done at the older centres of learning that no review of our progress is, 
I eonceive, adequately represented without some reference to the general progress 
of human knowledge. 

If^ in referring to the work of our past session, I appear to dwell unduly upon 
some of the subjects which have occupied your attention, I ask you to follow me 
in regarding them as of more than usual interest and importance, and on that 
account claiming a more detailed consideration. 

During our last session we held 11 ordinary meetings. The papers and the 
discussons following the reading of them were generally of great interest and 
importance, doubtless aiding us in our advance in the departments of knowledge 
to which they belong. By the indefatigable zeal of your honorary secretary, 
Mr. Thomas H. Bawlings, the whole of the last year's transactions have been 
printed, and were placed in your hands shoi-tly after the close of the year, and 
also distributed to the various learned societies with which we are in communi- 
cation. 

Of the contributions Jaid before you, two pertain to physical science, three to 
the natural history of Australia, three to the development of our natural resources, 
two to pathological science, four to the geology, mineralogy, and palieontology 
of Australia and New Zealand, one to social science, and two to applied chemistiy. 

I will first refer to the Rev. J. E. Tcnison WofuVs pai>er " On the Glacial 
Period of Australia,'' in which he gives his reasons for concluding that " during 
the ^kcial period of Europe our continent and seas liave passed through a sub- 
tropical climate," or at least a iwich warmer one than we now experience. Ho 
stated, afi you well remember, that \i6 did not base liis opinion upon the absence 
of those groovings and striations left by the mighty slip of glaciers and icebergs — 
for in the northern hemisphere these are not found lower than the 40th parallel 

* From Um Transactions of the Royal Society of Victoria, part 1, vol. 9, July, ld68.> 
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d Ifttitade — ^bat rather upon tbe enbtropical character of onr tertiary fanna. He 
condaded his paper by saying, '^ A trae glacial epoch in New Zeal'and would be 
a puzzling fact, and very dimcult to reconcile with what we see in Australia^'' 
and stating his belief tbskt the Australian continent is now passing through a 
colder period than any of which we can find evidence in its previous geological 
history. On the same subject, and discussing these views. Dr. Haast, tfh hono- 
rary member of this society and geologist to the province of Canterbury, New 
Zealand, contributed a paper which was read at the October meeting. . Referring 
to Mr. Wood's paper, he stated that he had traced glacial action over the whole 
length and br^th of the south island of New Zealand ; he does not accept 
Mr. Wood's conclusion with respect to the non-existence of evidence indicative 
of our continent having passed through a glacial period, and points out that if 
geologists want to find traces of this epoch they must look for it in the Australian 
alps, where morainic accumulation may have been preserved around the lakes ; 
bnt from the small altitude of this cham he expects these will be of small extent 
and dimensions. 

Mr. Thompson read a paper ** On the Formation of Mineral Veins and the 
Deposit of Metallic Ores and Metals in them," at our October meeting. In the 
present stage of our knowledge of geological changes, the mode of occurrence 
^f minerals in veins, and the formation of the latter, present almost insuperable 
difficulties to the clear comprehension of them. This subject, although it has 
taxed the energies of Hopkins, Bischofi^, and other superior minds, may be con- 
sidered as still unsolved, lu Mr. Thompson's paper, his conclusions are based 
upoa observations of particular cases, and are thus preferoible to geological con- 
ceptions of a purely ^>eculative character. 

Professor McCoy, at the February meeting, announced the discovery in Aus- 
tralia of Enaliosauria and other cretaceous fossils, thus establishing the fact— of 
immense geological importance— of the existence of the cretaceous period on the 
Australian continent. 

A description of a fine specimen of rubellite or red tourmalin, found for the 
first time in Victoria in a mine at Maldon, was read by the Bev. Dr. Bleasdoie, 
At our July meeting. 

An account of some bone-<»vesat Glenorchy, in Tasmania, contributed by Mr. 
Wintle, of Hobart Town, w€M also read on the same evening. 

Turning to the papers having reference to natural history. At the first meeting 
of the session Professor McCoy described three new species of Victorian birds, 
&nd at the September meeting he contributed a paper ^' On the species of Wom- 
bats," in which he showed us tliot until very recently only one species of wombat 
was known to zoologists, the Phascolomys wombat^ but that the existence of four 
species, which he described, may now be considered as demonstrated. 

At the meeting in May an elaborate paper ''On the Australian Coleoptera'' 
was presented to the society by that renowned naturalist. Count de Castlenau. 
It contains descriptions of a large number of new Australian beetles, and forms 
a most valuable contribution to entomological science. 

Of the two papers which I have classed as pertaining to physical science, one 
was read at the February meeting by Mr. G. W. Groves, and was entitled " Con- 
ti-ibutions to Meteorology." The other was a description of a new self-registering 
electrometer, which I hod the honor of reading at the last meeting of the session. 
This description referred to an apparatus I had devised and erected at the obser- 
vatory for the purpose of obtaining a continuous record, by the help of pboto- 
^-aphy, of the force and variations of atmospheric electricity. Specimens of the 
pliotogi-aphio curves it produced were also exhibited. You will he glad to hear 
that after experience of its performance we have eVery reason to consider it a 
luoBt useful addition to the meteorological appliances of the observatory. 

Some valuable contributions, bearing on the development of our natui-al 
resouiees, were read at the April, May, and October meetings^ the &t^ of which 
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•Is " On the Matiufacttrre of Paper from Native Plants," by Mr. Newbcry, in 
wLich be drew onr attention to the importance to be attadied to the discoveiy of 
raw material suited to paper-making, and pointed ont that we bad several indi- 
■genons plants fitted for this pnrpose growing in considerable profusion on our 
Waste lands j he especially called attention to two gitisses, the Xerotes Jongi- 
folia and a variety of Lepidosperma,' th^ fibre of both of which he believed would 
be of great value for making common paper, and for mixing with rags for white 
paper. Mr. Newbery's valuable suggestion will, no doubt, be practically tested 
so soon as the new paper mills on the Yam commence operations. 

The second communication of this class was a paper " On Ck>lon1al Wines," 
by the Rev. Mr. Bleasdale. This placed before you a large amount of practical 
information respecting our vineyards and the wines produced from them. He 
gave the results of his chemical inquiries into several samples, and indicated the 
conditions on which he considered the success of Australian wine-making to 
depend. 

Mr. Newbery's paper " On the Analysis of our Mineral Waters " forms another 
contribution bearing on our natural resources. The "writer gives the analysis he 
has made of the waters from several of our quartz mines remarkable for con- 
taining a large percentage of chloride of potassium, as well as of the Ballan 
springs, the latter founa to contain a large peix^enta^ of carbonate of soda, 
with carbonate of lime and magnesia, with 416 cubic inches per gallon of free 
carbonic acid. This water, as yon are aware, has now come into extensive us© 
under the name of " Ballan Seltzer Water ;" it forms a very refreshing and 
pleasant beveragtj, and may, no doubt, be medicinally useful in some cases. 

At the June meeting Pi-ofessor Halford brought before us his paper •* On the 
Appearances of the Blood after Death by Snake Poisoning." At the October 
meeting, also, he contributed some further observfttions on the same subject. 

You -will remember that in April last, a gentleman died in Melbourne from the 
bite of a cobra-di-capella, which he had brought from India, and thought to bo 
fangless. At the post mortem examination Professor Halford, remarking the 
great fluidity of the blood, examined some under the microscope, when it appeared 
to him to contain a great number of colorless cells of a larger size than any 
usually seen in blood. Further examination corroborated this fact ; ho observed 
numerous cells much larger than blood corpuscles, with delicate translucent cell- 
walls, each cell containing one, two, or more nuclei, and also noted a peculiar 
macula or nipple on the cell wall after the application iff magenta dye. Ho 
killed a dog with poison taken from the glands of the same cobra, and other 
animals witn poison taken from Austi-alian snakes, and after death in every case 
the blood was found fluid and full of these cells. By later observations he was 
led to believe that the growth of these cells commences immediately the poison 
gets into the blood, and continues to grow even after death j so that 12 hours 
after death blood taken from an animal that died from the poison in 10 minutes 
will be in the same stage as regards the cell growth as that taken one hour after 
death from an animal that survived the poison 11 hoturs. 

Considering the importance of this subject, I make no apology for troubling 
you with a succinct account of my pei'sonal experience concerning Professor 
lialford's discovery. Some little time since I had, in company with a fiiend, a 
good observer with the microscope, an opportunity of witnessing the progress of 
this cell growth. A dog bitten by an Australian tiger snake at 9 a. m. died in 
an hour; at 3 o'clock some blood taken from a vein was dark and quite fluid. 
Under the microscope the red and white corpuscles appeared normal in size and 
shape, but were moving about fi^e in the fluid liquor sanguinis, and not sticking ^ 
together in rouleaus, as is usual with healthy blood. Among these corpuscles 
we observed spaces where some apparently structureless granular matter had 
pushed them aside. An hour after a fresh supply of blood from another vein 
showed us, among what appeared to be the same Idnd of gi^anular matter, large 
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AQoleated cellfl^ which we estimated to be from three to four timee the diameter of 
theordioary redooiposde ', these cells, whose walls were so delicate and translucent 
that it required most careful management of the light for their definition, con- 
tained nuclei^ some one» many with two^ three, or even more ; delicate as they 
were, however, tliey became as distinct as the ordinary red corpuscle by the 
application of a little magenta dye, which did not seem to alter their dimensions 
in the least by osmotic action. In maaiy of these cells, also, the little macula 
on the cell wall was observed, but not on all. In blood taken from the jugular 
vein 24 hours after death we observed these cells, now appearing more tense, ia 
immense numbers, and many of the nuclei floating about free, as well as a great 
quantity of transparent ocicular crystals, which magenta dye rendered very di- 
stinct 

The existence of cells in the blood of the individual who died from the cobra's 
poison diffei-ent £rom those found in cases of pysemia, leucocythaemia, and othee 
diseases, waa warmly contested in this society, and you will remember the ani- 
mated discussions we had on the subject ; but those who have Gainfully observed 
the blood in snake-poisoned individuals cannot, I should imagine, be in the least 
doubt as to the fact of the preseiice of these cells. My fiiend and I were very 
sceptical on this point, and at first failed to see them, but afterwards we felt na 
longer any question in om' minds either as to their presence or to their size being 
greater than that of any cells in the blood we had ever witnessed or seen de^ 
scribed. 

Whether this particular cell growth is peculiar to snake-poisoned blood, ot 
whether it may be found in the blood after death from other causes, especiary 
in cases where the blood remains fluid, is a question not yet determined, but one 
thi^kt still occupies Professor Halford's attention, and one to which he invites the 
general attention of microscopists as well worthy of a searching inquiry. He 
tells us that in most careful observations, repeated very many times, he traces 
the growth of the cell out of the germinal matter before alluded to ; that fii'st 
the nucleus appears, then the cell wall. Thi^, if established, is an important 
point, and one upon which many of our greatest physiologists ore not agreed, 
KoUiker and Yirchow holding the view that all cell growth proceeds from pre- 
existing cells,, while Schleiden and Schwann believed they always gi-ew out of 
structureless granular matter; Beale, ^ later authority, working with higher 
microscopic powers, leans also to this latter view. 

Professor Halford considers that snake poison acts as a kind of ferment in the 
blood, and that the oxygen which is required to keep it in a condition to support 
vitality is used up by the cell growth, thereby causing the death of the bitten indi* 
vidual. After death we find the daik fluid blood rapidly absorbs oxygen whes 
exposed to the air, and becomes bright in color ; the fibrine has also disappeared^ 
or at all events has become so far degraded by some moleeulor change as to b# 
no longer coagulable. 

Although we may regard these investigations as of the highest importance, not 
only in then* direct reference to the question of snake poisoning and animal poisons 
generally, as well as to that cell growth and the study of the chemistry and 
physiology of the blood, yet it must be confessed that the great question of saving 
from death those bitten by snakes is still an unsolved pmblem ; the light thrown 
upon the whole subject., however, appeara to indicate a path by which the rational 
treatment of these cases may be ancived at. But little, after all, is known of the 
functions of the blood or of ita connection with nutrition of the tissues and vital 
force, or of its intricate, chemical, and physical changes in disease ; and it is 
fiom inquii'ies of this kind, philosophically conducted, that we must look for 
progress in this most difficult, and at present obscure, branch of human knowl- 
edge. Such inquiries, however, for their successful pursuit, appear to require not 
only a knowledge of physiology and pathology, but of the highest chemistry 
and physics generallyi a rare combination to be met with in one individual ; and 
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ii suggests at once that scientific progress in the treatment of disease will come 
but slowly, until natoral philosophy and chemistry, especially in its dynami(»l 
aspect, form as large a part of a medical stadent's training as even anatomy itself. 

Mr. Rasden's paper " On the Ethics of Opinion," was read ajt the September 
meeting ; it treated of how far men are properly liable to blame or praise, reward 
or punishment, for their thoughts or actions. The novelty of character of this 
contribution may have eiven rise to an impression that it was not exactly of a 
nature included within the objects of the society j very little consideration must, 
however, show that any attempt to contribute to sodal improvement, so long as 
it is regarded in its scientific aspect, may be fairly considered to come within the 
scope of this society. 

" The Danger of Collision between Vessels crossing one another's Ti-acks,'* 
was the title of a communication from Captain Perry, road to you at the Novem- 
ber meeting. In this paper a very simple method of procedure to be adopted by 
approaching vessels was suggested by the writer, by which danger of collision 
might, in nearly all cases, be avoided. The plan suggested conmsts in the 
approaching ships ascertaining if the same relative bearings between them con- 
tinues to be maintained, and if so, to alter their course } for, as was demonstrated 
by a simple diagram, collision becomes inevitable if the same bearing is main- 
tained. So simplo a mode of even lessening the probability of collisions, if not 
already generally adopted by nautical men, should be well noted. 

At the same meeting a paper " On the Purification of Water," was presented by 
Mr. Dahlke. This related to a method of filtration devised by the writer, by 
which organic and most mineral impurities, including the salts of lead, were 
removed from drinking water j brackishness, also, by a judicious arrangement 
of this filtering medium, he stated might be removed to a considerable extent. 
He exhibited a filter that he had constructed which was partly tested in your 
presence j the further testing of its properties you will remember was referred to 
Mr. Newbery, who reported at the next meeting that the filter not only did all that 
Mr. Dalhke had stated, but he found it to possess powers of filtration beyond 
anything he had previously known ; he bad tried it very severely by filtering 
solutions of salt, sulphate of magnesia, and even sulphate of ammonium with it, 
and in every case the filtrate passed out as drinkable water, with barely traces 
of the substance previously in solution. Pasmng hot water in a reverse way 
through the filter removed the suspended salts and restored the activity of the 
filtering medium, which, after continued use, was diminished. 

Some experiments were since tried on the filtration of sea-water by Mr. Dahlke, 
and I believe he is now engaged in the construction of a large filter for rendering 
brackish water fit for sheep and cattle at some station on the Darling river. There 
is no doubt that the kind of filter exhibited is exceedingly succesful as an ordi- 
nary domestic filter, but whether it ^vill become practically successful in so remar- 
kable a use as that of removing salt from sea or veiy brackish waters is not yet 
demonstrated. 

I congratulate you upon these results of your past session, and I regard them 
as an evidence of mcreasing activity and an earnest of advancement in the objects 
of this society. 

You will be glad to learn that our btercourse with kindred societies has 
Increased ; there are now 86 learned bodies with which we arc in communication 
and interchange of publications; 41 of these are British, 36 continental Euro- 
pean, 5 American, 2 Asiatic, and 5 colonial. Our library has been considerably 
increased by donations from these societies, and a complete catalogue, compiled 
by your honorary librarian, Dr. Neild, is appended to the second part of the last 
volume of our transactions. 

I would now revert to the year's history and present state of our public scien- 
tific departments, and in doing so, if I speak at more length of matters conceiving 
our observatory than of the other institutions, it is only because I am better acquain- 
ted with the details of its progress. ^ 
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In my last address I told yoa that the Great Southern Telescope, wbicb, by- 
the-by, is now to be styled the Great Melbourne Telescope, was approaching com- 

E' letion, and- its arrival might be expected in the course of a few months. It has, . 
owever, not yet reached us. Several nnlooked for delays in its construction 
occurred, principally owing to the determination on the part of the manufacturer, 
Mr. Grubb, that nothing but the very highest excellence in all its parts should 
go to its construction. 

Many of you, no doubt, read the interesting letter of Dr. Robinson, of Armagh, 
which appeared in the daily papers a week or two since, respecting his inspection 
and trial of this great instrument, and that he passes a high eulogium on the 
excellence of its mechanical details, as well as of its optical powers, so far as lie 
was enabled to judge from the imperfect trial he had with it in this respect We 
are expecting every mail to hear of its shipment, and there appears to be every 
probability of its being even now on its way. M. Le Sueur, a gentleman selected by 
the committee as an observer for this telescope, comes out with it, and will occupy 
the position of second assistant astronomer at the observatory. Of this gentle- 
man's high qualifications for the work before him we have the best testimony. 
You are aware, no doubt, that appxu'atus for celestial photography and spectrum 
analysis of the light of the heavenly bodies will form part of the appliances of 
thisgiganticinstnmient, and I trust that Dr. Robinson's hope '' that an inestimable 
harvest of discovery and triumph will crown this magnificent enterprise " will be 
fully realized. I have obtained a few photographs of a lithograph of the Great 
Melbourne Telescope, which will be handed to you at the conclusion of this 
address. 

It appears that some kind of a building with movable roof will be necessary 
to protect it from the fi^reat damage likely to arise if exposed to the dust-stoiTos 
we are liable to ; it is therefore pixiposed to erect a circular building, with a 
revolving roof, and Parliament will bo asked for a vote for this purpose. A 
small extension of the observatory ground has been granted, thus enabling the 
telescope tor be erected in a position where it will command a full view of the 
heavens without creating any disturbance on our magnetic instruments by its 
too close proximity. 

You will remember that in my last address I mentioned that a complete set of 

. self-registering magnetic instruments or magnetographs (similar to those used at 

Kew) were expected to arrive shortly. These duly arrived} they have been 

erected and at work since November last, producing an uninterrupted photographic 

record of all changes of the forces of terrestrial magnetism. 

A wet and diy bulb thermometer and barometer, continuously self-registering, 
on the same principle, are now being constructed for us, and will probably be at 
work in the course of a few months. The results likely to be obtained from the 
adoption of self-registering instruments of this kind can scarcely be too highly 
estimated, for the periodic method of observing phenomena that are changing 
continuously could never satisfactorily admit of those close deductions being made 
requisite to derive any practical value from the observations. Variations of the 
forces measurcd sufiicicnt to establish or overthrow a supposed law may, and 
doubtless do, often happen in the iutei*vals between inteimittent obseiTation, 
which, by the photogiaphic or other self-registering method, is indelibly recorded 
with tnie relatitms to preceding and following variations. 

The Melbounie portion of the Bur\^ey of the southern heavens has made con- 
siderable progress ; the portion of the heavens lying between the 150* 40' and 
1.^2** 40' pai-illcis of declination have been thoroughly smveyed, and the pota- 
tions of 10,000 stai*s establishcil. 

A series of observations for the determination of the diflTerence of longitude , 
between j\Ielbournc and Adelaide, by aid of the electric telegraph, was made at 
the latter part (»f last year, and althougli the result is considered not quite conclusive, 
as it is intended to make another series ofeomparisons,itmay however be accepted 
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as nearly tho tratb, and makes tlie difference of longitnde 25m. 33.788. Asmiming 
the longitude of Melbomne to be correct, that of Adelaide would be 9h. 14m. 
21.028. 

Before leaving the subject of our astronomical labors I would add a word con- 
cerning the total eclipse of the sun, which will take place on the 17th of August, 
this year. 

The eclipse will be a most remarkable one, and unrivalled by any recorded in 
the annals of mankind in its magnitude and duration. At its commencement 
the moon will be unusually near the earth, and at the same time reaches the 
ascendingnode of her orbit. Thesun also reaches nearly the zenith of those places 
where the eclipse takes place at noon ; the augmentation of the moon's apparent 
diameter, due to her altitude, is a maximum ; a combination of circumstances 
resulting in the apparent diameter of the moon exceeding that of the sun by an 
unusual amount, and in the time during which the sun will remain eclipsed, being 
almost unprecedented. 

The greatest length of totality will occur in longitude 102*" 38' E. and 10** 28^ 
N. in the Gulf of Siam, where it lasts 6m. 508. The path of totality, which 
<K)mmences at sunrise in Abyssinia, passes over the Straits of Babel Mandeb, 
Aden, Arabia, through India between Gba and Rajapoor, across the Gulf of 
Siam, where the greatest phase occurs, then through Borneo, the whole of the 
south of New Guinea, ending at sunset about the New Hebrides. 

So unusual an eclipse as this is sufficient to put astronomers on the qui vive^ 
fw such an one has probably never been seen by man, and none of such magni- 
tude is likely ever to be witnessed by any now living. But there are, however, 
higher objects than this in view, and great preparations are being made to cany 
out investigations concerning the sun's atmosphere, which can only be attempted 
during total eclipses, and for which this t)ne offers so long a period of totality. 
It has long been supposed that an atmosphere surrounds the sun's exterior to the 
photosphere. Those remarkable red clouds or prominences and the corona or 
glory with its projections, generally seen in total eclipses, and especially in that 
of 1860, all point to this. These luminous clouds were found by Mr. De la Ruo 
to have gi*eat photogi'aphic power, and Mr. Brayley concludes therefrom that 
they probably consist of incandescent globules of metal in a liquid state, or per- 
haps of solid particles of the metals discovered in the sun by Kirchoff. The • 
optical ineans of analyzing the light from various sources have been so much 
imprbved since the last total eclipse witnessed by astronomers in 1860, and our 
increased knowledge of the physical conditions of thesun, as well as of many other 
of the heavenly bodies, induces the scientific world to confidently hope that the 
telescope, spectroscope, and heliograph will reap rich harvests m the hands of 
the many experiencecl observers who will be engaged in the path of totality. 

The botanical department, so efficiently conan<^ted by your fellow-member, 
Dr. F. Mueller, has not been idle. The " Fragmenta Phytographa Australis," I 
am informed, will have reached the completion of the sixth volume next month. 
Dr. Bentham's new work on the Australian flora (to which Dr. Mueller contributes 
largely) is progressing rapidly j the fourth volume containing the Candollian 
division — corolliflorse — ^is nearly complete ; the fifth volume, which it is expected 
will be issued next year, will contain the monochlamyde® ; and it is intended to 
follow it up by a sixth volume, containing the monocotyledons and ferns, A 
supplementary volume will afterwai-ds be probably issued, to comprise the newer 
discoveries among cotyledonous plants, for which the ** Fragmenta " will afford 
the principal records. This book will be the most complete descriptive work on 
the vegetation of Australia, and with which, in its completeness, no similar work 
on European vegetation can compare. You will be glad to learn that the cinchona 
(Peruvian bark) plants are prospering. Dr. Mueller informs me they have been 
exposed to extremes of temperature varying from 30** Fahr. last T^inter, to 100* 
Fahr. during this summer, in an artificial fern gulley in the gardens without injuryj 
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this gives ample testimony of their hardihood, and their fitness for copinff witb 
the much smaller vicissitudes they would be liable to in the sheltered gnuies of 
oar mountain ranges. The establishment of this most valuable plant is of the 
utmost importance, and in a commercial point of view can scarcely be overesti- 
mated* There are now in the garden nnrscries a large number of plants of cork 
oaks, western Australian mahogany, test, tobacco, coffee, and other prominently 
uaeful plants, ready for planting in the valleys of the Upper Yarra this autumn. 

Dr. Mueller made a botanical visit to western Australia during last year, and 
he informs me his principal object was to connect the observations of the flora of 
tbat colony with geological formations in continuation of the many facts he had 
traced ont in other parts of Australia. An investigation of the mutual relations 
existing between vegetation and geological formations is of great importance as 
hearing on the general question of the occupation of the soil for various purposes 
of culture. 

The phyto-chemical laboratoiy, under Dr. Mueller's direction, is still engaged 
in researches into the technological, medicinal, and other properties of the Austra- 
lian vegetation, and especially as re^ds the amount of potash in our trees, which 
he states has already afforded highly satisfactory results. The question of the 
yield of iodine and bromine in our large sea-weeds is also occupying the attention 
of this branch of the botanical department 

Our national museum, under the management of Professor McCoy, continues 
to increase in its usefulness. It was highly praised by the naturalists and ofiiccra 
of the Italian scientific expedition, who visited us in the Magenta and who were 
fresh from the study of the best zoological collections in Europe. Our member, 
Mr. Ulrich, too, who has just retnmed from an inspection of the principal mining 
schools of Europe, finds them exceeded by the mining section of our museum^ 
prepared by Professor McCoy with the* object of facilitating the establishment of 
a school of mines in the colony by taking advantage of the proximity of the 
national museum to the university, in which eight out of the ten courses of lectures 
required are already given. The natural history i^kedmens, mounted eight or ten 
years ago, still maintain their freshness and state of presei-vation, which is, no doubt, 
in a great meosnre attributable to the fact that the mnseum is surrounded by the 
well-planted university grounds, where it is free from the destructive influence of 
dust and smoke. Various classes of the university students make daily use of 
the different sections of the museum, while the number of the general public who 
.visited this institution during the year amounted to 68,000. 
. Among the most interestmg colonial specimens added during the year is the 
great skeleton of a new species of whalebone whalo (Fhysalus Grayiy McCoy,) 
which is now beautifully ai-ticulated and placed outside the west wall of the 
museum. This specimen is 90 feet long. Next to this in interest are the further 
donations of Mr. Carson, of Enaliosoorian fossil reptiles from the Flinders, to be 
described in our proceedings as bearing out the views already laid before this 
society oimceming the occurrence of these fossils in Australia. A very lai*^ 
iron meteorite, from Cranboume, weighing 3»000 pounds, has been placed in the 
museum, which Profeesor McCoy promises to describe to us at an early meeting. 
Considerable additions, illustrative of foreign natural historv, have been made, 
and the conchologicol collection^ which is of great extent, is now almost com- 
pletely named. 

The geological collection is also largely increased, as wtU as that of the different 
A-fticukita; but it appears that there is no more room at present in the half of the 
museum already built for their display. 

From the report of the government geologist, Mr. Selwyn, just published, we 
are put in possession of the progress m^e in the geological survey of the colony. 
It appears that 65 quarto sheets, each of which contains the geological features 
of 54 square miles, have already been published, and that 11 are ready for the 
engpnaver. A coUection of 1,248 geological specimens has been arranged and 
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labelled for the national musenm. Besides the strategraphical anraegement of 
these specimens, each is labelled with numbers and letters, indicating its locality 
and the map to which it belongs. Considerable additions to the geological 
sketch-map of the colony have also been made by the director from his recon- 
soissance surveys in various districts. The department, however, has been singu- 
larly crippled during the past year, owing to the absence of some of the oihcers 
on leave, and the sickness of others. The survey has, nevertheless, made con* 
fiiderable progress, especially in the districts of south Ballarat and north of Cres- 
wick and Glunes. It appears that a party has been engaged in the first-named 
locality on a research into the course and limits of " deep leads '' of the Ballarat 
gold-field, which has already resulted in Mr. Murray, the gentleman engaged in 
this portion of the survey, being enabled to indicate the existence of payable 
gold deposits in a locality where, though fi-oquently traversed by miners, no 
workings had been established. 

In contemplating the more interesting facts that have marked the progress (»f 
science in Europe, our attention is attracted by a recent discovery of paramount 
significance. 

In the spectra of many of the fixed stars the lines proper to hydrogen have 
been observed, and in the outburst of the light of the star T-Coronae, some time 
ago, the development of these lines was so conspicuous as to lead to the inference 
that an outburst of hydrogen, of the nature of a general volcanic eruption, had 
taken place in this star. Singularly in agreement with these observations are 
certain results determined by Dr. Graham during his researches on' the occlusion 
of gases by metals. 

This exact chemist has shown that the different metals have properties of their 
own of condensing the various gases, and concealing or occluding them within 
their substance. In the case of meteoric iron, he has found that it is not only 
charged with occluded gases, but that the gases thus enclosed are different in 
kind from those concealed in iron of telluric origin. Common iron bears the 
impress of the mode by which it has been manufactured in the large proportion 
of carbonic oxide and carbonic acid as constituents of the gases stored between 
its particles, whereas, on the other hand, the iron of the Lenarto meteorite has 
yielded abundance of hydrogen gas almost entirely free from gaseous carbon 
compoupds. 

On these results Dr. Graham remarks, " The iron of Lenarto has, no doubt, 
come from an atmosphere in which hydrogen greatly prevailed. The meteorite 
may be looked upon as holding imprisoned wimin it, and bearing to us, hydrogen 
from the stars." Speaking of the amount of gas given up by this meteoric iron 
being three times the amount found in iron of telluric origin, he further says, 
^'The inference is that this meteorite has beev extruded from a dense atmosphere 
of hydrogen gas, for which we must look beyond the light cometary matter 
floating about within the limits of the solar system." 

A few years ago results of this kind would have been deemed almost beyond 
the hopes of even the most sanguine philosophers. Dr. Graham presents to us 
in a tangible form the hydrogen brought from remote regions of space to which 
possibly our most powerful telescopes have yet failed to reach. He demonstrates 
that it must have come from a dense atmosphere of the gas found ; and, what is 
of still higher interest, his experiments conduce towards the view that the so- 
called chemical elements of our world are so framed as to adapt them to uses 
throughout the entire scheme of nature. 

In conclusion, I will for a moment return to the affairs of the society. There 
seems to be every prospect of steady progress. I am rejoiced to see the mem- 
bers earnestly following up the objects for which this institution was intended. 
Our efforts, whether they have for their aim the investigation of the laws of nature, 
the development of our natural resources, or the alleviation of the sufferings of 
our feUow-creatures, although, perhaps, crowned with only partiaLisuccess, have 
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each the effect of proTnoting oar advancetnent as a people, and of raisiDg the 
estimate of the intellectual status of this' colony in the minds of the intelligent 
In other parts of the world. In these days no apology for scientific experiment is 
required, for although the primary object of science is the discovery of truth, it 
is now nnivensally admitted that the contributions applied to the arts of life are 
among the most valued means by which our civilization is advanced. In a new 
country the problem of the utilization of ita resources opens the widest opportu- 
nities for the adaptations of science to practical requirements. An example will 
illustrate this general assertion : let us for a moment consider our relation with 
the older countries in reference to the supply and demand of the one important 
item of animal food. We have inexhaustible means of supply, while in Euro- 
pean countries flesh food is becoming yearly scarcer. Any improved method of 
animal food preservation, assisting its transport, would be a vast accession to our 
means of wealth, and to this end the facts of chemistry in relation to physiology 
appear as affording the proper key. The case of food supply is by no means a 
solitary instance; the same reasoning applies generally to the natural resources 
of a new and extensive country like Australia. 

In these and like considerations let us hope that a sufficient stimulus for our 
best efforts will be recognized, and that our endeavors will be so far fruitful as to 
entitle tho Royal Sodetv of Victoria to rank in due time with similar older 
institutions in Europe and America. 
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Tbe report which I have the honor of submitting to my coUeagaes of the 
Sodety is the eleventh of those which have been presented under oar existing 
regulation! Like my predecessors, I propose to recall the different commnnica> 
tions which have been made,, by gix>oping them according to their subjects. Like 
them, too, I would renew the reodllection of the amicable discussions, the free 
and nnconstrained developments elicited by the reading of a memoir, or even 
the simple statement of a question. It is the privilege of our association ito have 
no official connections, to observe only our own traditional customs, and to per- 
mit its members to exchange ideas with a mutual kindliness, which certainly 
does not exclude a sincere love of truth. This form has so many charms and 
advantages that I tnist it will long .be preserved. When in 1890 the society 
shall celebrate the centennial anniversary of its foundation, it will be able to 
point with pride to the fact that it has served in no stinted measure to unite and 
encourage those of our compatriots who devote themselves to tHe culture of the 
natural sciences. 

Thanks to the care taken by our secretaiy, M. Alex. Prevost, in recording 
our proceedings, I .may hope that my account of them will, at least, have the 
merit of exactness. The society has held during its current year twelve general 
and eight special sessions. No modification has been introduced in its rules. 
The old custom of assembling for tea previous to our winter sessions has, after 
discussion, been retained. 

Dr. Lombard has been called to exercise the functions of president during oux* 
approaching' term, 1868-'69. M. Marc Micheli has been elected a member in 
ordinary, as has also M. Godefroy Lunel, who already belonged to us as a free 
associate. It is with sincere pleasure that I record this increase in the number 
of our members, which now amounts t'o 42. No death has occuired among them 
within the year. Unfortunately, it is not so with our honorary members, three 
of whom have been taken from us. « 

Dr. Michael Faraday, one of the most distinguished savants of England, and 
our associate for a quarter of a century, departed this life 25th August last. 
The labors of this eminent physicist are too well known to require enumeration 
here. No time was lost by M. de la Rive in rendering a touching and worthy 
homage to the successor of Humphry Davy.* I had myself, for several yearsy 
cultivated the most pleasant relations with this kind-hearted man, in whom a 
genius full of originality was allied with the most unaffected modesty. To 
science, as to his personal friends, the loss is irreparable. 

Six months later, Leon Foucault, an intellect of a high order, was withdrawn 

from us, at the age of 49 years, a victim to immoderate application. He was 

■ ■ - ■ ■ , ■ 

* Archives des scuncc«, physufues, et naturelles^ t. zzx, p. 131. This notice has been 
reproduced in the journal VInstitut, and in the Philosophical Magazine, [also in the Smitk- 
sonian Report for 1867, p. 227.] 
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endowed with no common facnllieS; and resembled Faiaday in the incomplote- 
ness of his earlier studies, which both had afterwards foand the means of retriev- 
ing throngh special methods^ in conjanction with great decision of pmrpose. 
Looking npon eindence as the only nnimpeachable demonstration of truth; Fon* 
canlt had conceived and ezeonted the most delioate researches. His mechanical 
dexteritv was incomparable, and, had he lived longer, wonld have been made 
available for the solation of many other problems. He was a warm friend, an 
ingenious and penetrating spirit, a clear and accurate writer. He leaves in the 
histoiy of physics profound traces which will preserve his name from oblivion. 
He was received into our society in 1859. 

Dr. Gharles Daubeney, recently deceased in England at the age of 73 years, 
has been a colleague of ours since 1830. He had pursued at Oeneva, under 
Pyrame de Candolle, his studies in botany, a science of which he was subse- 
quently a professor in the University of O^ord. We are indebted to him for a 
great number of researches in different departments of the natural sdences. In 
our city he had made many friends, to whom he has always remained greatly 
attached. 

After this tribute paid to the memory of savants who are no more, we may. 
congratulate ourselves on having inscribed upon our list the name of M. Glaode 
Bernard, the distinguished French physiologist. None among us but remem- 
bers the inteiesting communication on the curare, and on poisons in general, 
which he presented, in 1865, to the Helvetic Society of Natand Sdences, aesem-. 
bled withm our walk. 

§ 1. — ASTBOHOMT. * ^ 

Hafi the moon, our nearest neighbor in the immensity of the heavens, arrived 
at a definitive slate, or can we stUl discover some changes on its snrfiace f This 
question, so important for cosmology, has been almost universally answered in 
the negative. Professor Gautier recounted to us (4th July) the researches made 
at Athens, by Dr. Schmidt, on the transformations undergone by the crater Lin- 
BfiBos, in the Mare SerenUatis. Affirmed by different observers, for instance by 
M. Bespighi, at Bologna, these modifications have been called in doubt by other 
savants. Thus M. William Huggins maintains that the appearance of the Lin-^ 
naeus is exactly that which Schroter has figured in plate IX of his Selenotopo- 
*graphische FragmenUe. This divergency of views gives interest to the observa- 
tions reported to us by M. Thury, (1st August,) and which he made by means 
of an excellent refractor, monnted at the atelier of Plainpalais, with an objective, 
furnished by Mertz, of four and a half inches opening. Our colleague, thinks 
that the oerater has become filled with a substance of a whiteness like that of 
ceruse, «o that its configuration differs from that represented by Madler in his 
celebrated chart. (See Archives dee Sciences^ PhysigueSy et NaUireUeSt t. yyT| 
p. 292.) 

M. Ghintier has continued, as in former years, to communicate to us the unin- 
ierrapted progress of the noble science to whi<di he has devoted himself. He 
announced the arrival at Labrador of two thermometers, which he had sent to 
the Moravian missiofiaries through the medium of our countryman, M. J. L. 
Hicheli. These instruments will be used for a regular study of the temperature 
of those glacial regions. He gave us an account of the researches of Dr. W. 
Sohur on the orbit of the doubk star p, in Ophiuchus, from which we are author- 
ized to estimate at about 94 years the period of the revolution of the smaller 
atar around the larger. By adopting the value of the annual parallax of this 
group obtained at Bonn, by Dr. Xriiger, the mutual distance of the two stars 
would appear to be about 30 times the distance from the earth to the sun, 
the mass of the group to be triple that of the sun, and its light to occupy 20 
years in reaching us. He brought to our notice the observations of Dr. Auwers, 
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at Gotha, on the parallax of the star of eighth to ninth magnitnde, No. 34 of 
the catalogue of Groombridge, the distance of which from the earth is compnted 
;to be bat 672,000 radii of oar orbit. M. Gantier also directed dor attention to 
the improvements effected in different instmments of astronomy and meteorology^ 
and adverted to several new asteroids sitoated between Mars and Jupiter. The 
discovery of these planets commenced with the present centoryi and their nnm- 
ber reaches to-day nearly 100. , 

Professor Plantamonr gave an account (Slst November) of the mechanical 
processes by help of which he takes observations, registered by a chronograph. 
The scene of his labors this year was the Righi. These observations have 
reference to the determination of gravitation, and to other questions submitted to 
study, by the International Conference for the measurement of the meridian 
between two parallels comprising an arc of 22^ in middle Europe. 

Since the admirable discoveries of Kirchoff and Bunsen relative to the spec- 
tral analy^s, the learned have investigated with much ardor the problems bear- 
ing upon the physical constitution of the sun. One of our collea^ies, Colonel 
E. Gautier, has directed his attention specially to the theory of the spots, and 
. exhibited to us (4th July) an eye-glass manufactured at Munich, which is intended^ 
to enfed)le, by polarization, me too vivid lustre of the luminary. It would seem* 
to result from observations conducted with this instrument that the solar spots 
have a very different appearance from that attributed to them. The importance 
of enabling astronomers to examine these phenomena gave occasion, admost at 
the same time, to the invention, by the ingenious Leon Foucaolt, of a silver- 
plated reflecting telescope. We may hope, therefore, that with the aid of these 
n§w instrumentalities science will soon arrive at certain conclusions on this dif- 
ficult subject. M. E. Gautier has fuilher given, in our meeting of this day^ 
(4th June,) the analysis of a memoir published by M. 8poBrer, professor at Andam, 
on the spots of the sun, in which the author treats of the law oi^ their velodtjes 
of rotation according to their heliograpbic latitudes, and of the irregularities 
which disturb that law. In effect, neighboring spots seem sometimes to undergo 
a sort of torsion, with other anomalous appearances. These anomalies result 
from the modifications, often very rapid, which are observed in the aspect of the 
spots, when a magnifying power sufdciently strong is employed, and atmospheric 
circumstances are favorable. We may then recognize variations, resolutionsi 
and new formations comparable to those of our terrestrial clouds. M. Sp<i»er 
draws from this a confirmation of the idea, already announced by him, that the 
spots are situated above the brilliant surfaces on which the facul» are developecL 
Notwithstanding the accidental changes of velocity whose phases have been - 
studied, the author refuses to believe that the general movement of the solar 
surface around its axis varies by zones, or by rings parallel to the equator. M. 
Bpcerer examines, moreover, the proportional distribution of the spots and faoalse 
on the different portions of the orb, as well as the relations of this distribadAi 
to the phases of the period of 11 years which has been recognized in the fie- 
quency of these phenomena. He afterwards attacks the Wilsonian theory regard- 
in? the funnel-shaped spots. He exerts himself to weaken the bearing of the 
calculations of English astronomers on the mean-proportionals which they have 
deduced from photographic observations of the sun in relation to that theory. 
He refutes the attempts of M. Faye tending to introduce a correction termed par- 
allax of depth, in order to make the calculation of the places of the spots quad- 
rate with the observations derived from the work of M. Garrington. He main- 
tains the views of M. Kirchoff on the constitution of the sun, and concludes witli 
some ideas touching the manner in which the spots may be farmed. They mi^fat 
be generated by intense ascending currents of gaseous matter which burst fortli 
from the sphere in fusion and become condensed in the solar atmosphere at <li£* 
ferent heights. These formations would remain or fall back according to tlie 
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Telocity commnnicated to tbem by the strata into whioh tbey penetrate, and 
wherein they diffuse themselTes. 

§ 2. — ^METEOROLOGT. 

ProfeBsor A. Gkuitier read (4th Jnly) an extended notice of the rosnlts obtained 
fix>m December, 1865, to November, 18G6, during the third year of observations 
made at the 76 stations of Switzerland, under the Xwo-fold view of temperatures 
and quantities of rain. This production has been inserted in volume xxix of 
the Archives des Sciences, Physiques, et Naturelles. I will content myself, there- 
fore, with citing ^ conclusion but little known ; namely, that the mean tempera- 
ture of Greneva is higher than that of the other cities of our country, with the 
exception of Bellinzona, Lugano, Mondrisio, Montreux, and Sion. 'At the close 
of the last-mentioned communication. Professor A. de Candolle expressed a regret 
that the methods by means of which meteorologists establish the mean of the 
numbers they collect, render the results of their calculations nearly useless to 
botanists. Ho remarked that the phenomena of vegetation continue for some 
months, during which it would be important to know the sums of the tempera- 
iures above a certain degree previously fixed upon. 

§ 3. — ^MATHEMATICS A»D PHYSICS. 

The sun, that source of complex radiations whioh call forth the most diverse 
and important phenomena, dispenses to us heat var>'ing as to quantity with the 
seasons, and as to composition with the state of the atmosphere. By means of 
tlie actinometer which he presented last year to the society, M. L. Soret com- 
pared (6th September) the intensity of the calorific radiation at Geneva with its 
value on the glacier of the Bossons and at the summit of Mont Blanc; he found 
that when the sun is 60** above the horizon, the radiation at a height of 4810 
meters is to that on the plain in the ratio of six to five. The diminution of 
intensity with the height of the sun is much less considerable at a great altitude 
than in regions less elevated. To these observations, made in August, M. Sorei 
has added others during the wii^r, whence it results that, for the same height 
of the sun, the intensity of the direct radiation is then greater than in summer, 
which accords with the part which, according to M. Tyndall, is borne, by the 
atmospheric vapor in the phenomena of absorption. Our collea^e has ascer- 
tained that, at an equal elevation of the sun, the radiation diminishes more rap- 
idly when the heat has traversed a watery stratum than when the rays are direct 
The recital of these results was the occasion of interesting discussions, calou^^itod 
to guide the author in new experiments. 

The question whether the sea is free at the pole was raised in connection with 
these estimates of the thermic intensity of the solar radiation. M. Soret also 
took occasion testate (I9th December) that ozone, prepared by the action of the 
apparatus of Ruhmkora on oxygen, possesses the same density with that obtiuned 
by electrolyzinff water. {Archives des Sciences^ dx.f t. xxx, p. 306i) 

Professor de la Rive presented (6th February) the analysis of fesearches by 
M. Elias Loomis, leading to conclusions very favorable to the electric theory of 
polar auroras, proposed by our colleague. {Archives des Sciences, &c., t. xxxi, 
p. 273.) 

Among the phenomena whose study promises to enlarge the field of our 
knowledge of the intimate constitution of bodies, none are more interesting than 
those of rotary polarization. Detected in quartz by Arago, in 1811, this mys- 
terious propertv has been found in solids of regular system, in homogeneous 
colorless liquids, and in certain vapors, though no permanent gas, even when 
compressed, has heretofore manifested it It is therefore independent of the 
crystalline state, and, according to the substance employed, takes^place some- 
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times to the rigbt; sometimes to the left of the observer. Further, it may vary 
in direction in the same body with the tint of the light which travemes it, for we 
have notice of a liquid which is laBvogyral for the rays of one extremity of the 
spectrum and dextrogyral for those of the other extremity. When Faraday 
found; in 1845, that the plane of polarization of a ray traversing an inactive 
substance may be made to turn by placing the substance within the maCTetic 
field, he enhanced in an unexpected manner both the interest and the difficulty 
of this problem of molecular«mechanics. Wiedemann showed that this artifici^ 
rotation increases in proportioi) as the length of wave of the colored ray dimin- '* 
ishes. Yerdet ascertained that there exist substances for which the rotation is 
positive, others for which it is negative, (that of water being taken for unity,) 
but that it is not necessarily connected with refrangibility. Wertheim deduced 
from his experiments that in general it is absent in solids endued with double 
refraction. 

Is rotary polarization owing to an action exerted by the substance which 
transmits the luminous (or calorific) ray, or should it be referred to an influence 
experienced by the ether which surrounds and penetrates matter, properly so 
called t The first of these suppositions was taken into favor when Faraday 
found that the magnetic rotation is distinguished from the natural, by the very 
important fact that it augments with the length of the course of the ray, whether 
direct or reflected, in the transparent medium. 

Professor de la Rive has resumed the study of this subject, and communicated 
to us (7th May) a comprehensive review of his experiments. These have been 
made with divers solids, among others glass compressed by the fulminating dis- 
charge of RuhmkorflPs machine, as well as with different liquids. Our (Sstin- 
gnisued colleague had already remarked, (Traite d^Electricite, t. i, p. 555,) that 
the phenomenon seems connected in an essential manner with the density more 
or less considerable of the intermolecular ether, and consequently with the refrac- 
tive pmver of bodies ; but in his new researches he has found that the density of 
the body itself exercises a great influence, independently of that of the ether 
which it includes. Thus, with the electro-magnetic intensity at his disposal, he 
has ascertained that the rotation being 8® in sulphur of carbon having a density 
of 1,263, it became 16", that is precisely double in thallic alcohol, a liquid of 
which the refrangibility is slightly superior, and which possesses a density much 
more cbnsiderable, (3.55.) 

It is known that the rotation of the plane of polarization persists for some 
instants after the electric current has been interrupted. M. de la Rive has 
satisfied himself by a great number of experiments in which he has succeeded in 
measuring the duration of that persistence, and in appreciating the circumstances 
which influence it, that this effect cannot be explained by the inertia of the pon- 
derable molecules. It is a consequence of the magnetism remaining in the iron 
of the electro-magnet, for it no longer takes place when inductive spirals simply. 
without a metallic nucleus, are employed. M. de la Rive concludes that artificial 
rotary polarization, although greatly influenced by the molecular constitution of 
bodies, is not due to an alteration which magnetism might determine in that con- 
stitution, buf rather to an action exerted indirectly on the ether through the 
medium of the ponderable particles. This explains why the phenomenon depends 
at once on the state of the intermolecular ether, and on the arrangement of the 
number and the nature of the particles in a given volume of a body. 

M. Achard recapitulated f April 16) the conclusions of a popular* lecture given 
by M. Clausius on the secona principle of the mechanical theory of heat. Accord- 
ing to the last-named savant, the work which natural forces can execute, and 
which is contained in the movements of the different bodies of the universe, is 
successively tranformed into heat. This heat seeks incessantlv to pass from 
warmer bodies into colder ones, so that there will be gradually established a 
definitive equilibrium between the heat radiating into ether and-4hat which 
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exists in bodies. To express tbis progressive change M. Clansius imagines a 
magnitade wbicb, in relation to the transformations, would play the same part 
as heat in relation to energy and work, and he calls this magnitade cntropie. 
The result of his philosophic views he expresses by saying that the entropy of 
the universe tends towaras a maximum. Thus the modifications undergone by 
the creation, instead of having a periodical and circular course, always take 
place in a definite direction and tend towards a limitary state. If that state be 
some day attained, no ulterior change will be possible^ and the univei-se vMi 
lapse into a condition of persistent death ! 

M. Charles Cellerier presented (May 7) two notes; one relating to the theory 
of prime numbers, of which a mean law may be found more approximate than 
that indicated by Legendre ; the other devoted to the calculation of the attractions 
and repulsions in electrified bodies. M. Cellerier demonstrates that, whatever be 
the form and arrangement of several insulated conductors, the total potential 
possesses for each of them, at every instant, a constant value in its whole interior. 
Moreover, if we compute the sum of the products of the potential of each con- 
ductor by the total tnass of the electricity which covers it, the variable quantity 
thus obtained has the property of representing doable the labor of the forces 
exerted on the material conductors themselves, when these are displaced in any 
manner. The calculation for the special case of two spheres serves for confirma- 
tion to this general theorem. 

Some communications were also made by your president. He exhibited a 
sample of the infusion of Cuba wood, or braziline, discovered by Professor Grop- 
pelsrdder, which is endowed with a very decided fluorescence. Ho submitted 
to your notice the new magnifying glasses of Adolphe Steinheil, formed by the 
conjunction of three lenses, and possessing the double advantage of being achro- 
matic and of not destroying the images on the contour of the visual field. He 
described the electro-magnetic pendulum of Tiede, which has served Professor 
Fdrster, director of the Astronomical Observatory of Berlin, to detonnine tlie 
correction which should be applied to the speed of a clock for the variations of 
the atmospheric pressure. He presented the new electric machine of Holtz, and 
repeated the unpublished expenments of M. Eoni^ on the determination of the 
upper limit of sounds perceptible from the concussion of bars of steel calculated 
by length. He called attention to a singular case of permanence in a charge of 
electricity induced in a long wire, a case observed in England by M. Wild. . He 
pointed out an elementary solution of the problem of the trisection of the angle. 
FinaDy, he described experiments which he had made with the improved regu- 
lator of L^on Foucault for the electric light. These researches confirm the 
results which he communicated to the society in 1852, namely, that with a battery 
which works well and a delicate apparatus^ the current may be interrupted during 
one-thirtieth of a second without inducing variation in the illumination of a screen 
exposed to the light of the arc. The armature of the electro-magnet is not unchaiged, 
and no sound of any action is heard. If the interruption is longer continued, both 
the eye and the ear are apprised of it. When the interruption attains one-tenth 
of a second the arc vanishes. I conclude from this, and from considerations 
which would detain us too long if detailed here, that when the interruption is 
sufficiently short, the arc continues to exist, contrary to the opinion of M. F. P. 
Leroux, who recognizes a cessation followed by the spontaneous re-establish- 
ment of the arc. {Camptes Eendus de VAcadimie des Sciences de Faris, t. Ixvi, 
p. 155.) 

§ 4.— CHEMISTRY. 

M. Delafontaine has asoertained (21st November) that' the molybdates dissolved 

in fluorfaydric acid give rise to a new class of salts, the fluoxymolybdates, which 

present the most complete analogy with the fluoxytungstates and the fluoxynio- 
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biatos discovered by Professor Marignao. An attentive study of the orystalHne 
foiTDs bos establisbed their isomorpliism both with these two categories of saline 
products and with the 1)odies, sach as the flootitanatesy in which the fluor is 
completely substituted for the oxygen. The author has confirmed the fact 
establiahc^ by M. Marignac that the fiaor replaces atom for atom the oxygen as 
the isomorphous element, f Archives des S(nences, &c.y t. xxx, p. 232. J M. FbxjI 
de Oasparin (invited to one of our reunions) recounted to us (7th May) the prin- 
ciples of the physical analysis of arable land^ in the view of determining the rela- 
ti ve proportions of gravel, sand, and clay which exist in the cultivated soil. But 
this analysis does not necessarily manifest the degree of fertility of a given soil, 
for it cannot evince the very variable proportions of pbo^horio acid, potassium* 
magnesia, and other mineral substances which fulfil the functions of manures. 

§ 5. — ^MINERALOGY Ain> GBOLOOY. 

H. de Loriol (2d January) having, in company with M. Cotteau, studied the 
Portlandian stratum of the department of the Yonne, has found it to be divided 
into two zones : the lower one with but 13 fossil species and characterized by 
the Ammonites gigas, the upper with 110 species and characterized by ihe Pinna 
superjur0n$is. The lower zone presents the remarkable fact of the intercalation, 
in the midst of the limestone, of a thin marly bed filled with the O^trea virgula. 
The first strata of the middle neocomian rest immediately on the last Portlan- 
dian strata. The zoological limit, however, is sharply defined ; no species is 
common to the two faunas. Professor Favre ( 7th November) presented us his work 
in three volumes, entitled : Becherches gMogiques dans ks parties de la Savoie^ 
du Piemant et de la Suisse, voisines du Mont-Blanc, (Geolodcal resei»xshcs in 
the parts of Savoy, Piedmont and Switzerland, adjacent to MonttBhmc,) with 
an atlas of 32 plates. Proceeding in the traces of Horace de Saussure, Deluc, 
Necker and other explorers, our colleague has brought a large contingent of 
personal observations towards deciphering the enigma of the formation of the 
Central Alps. The medal awarded to his geological chart of these countries by 
the jury of the Exposition of 1867, enables us to presage the reception which 
the text that completes it will receive. The society may well congratulate 
itself at seeing members like MM. de la Rive, Pictet, Boissier, de GandoUe, 
Favre, de Saussure and othei-s, employed in collecting in special works and in 
a s}%tematic form, not only their own numerous researches, but those which 
other savants have dispers^ in memoirs and monographs. There cannot but 
ensue from this a more precise statement of general results, a more exaot view 
of laws and their relative importance, a more certain classification, and a 
more profound examination of obscure or doubtful points. Science is 
advanced by being embodied in a systematic form. (Archives des Sciences, 
&c., t. xxxi, p. 123.^ M. Favre has, at different intervals, placed under 
our eyes wrought 6ilex and fossil bones collected for some time past at dif- 
ferent places on Mt. Saleve. The first discoveries go back to at least 1835 ; I 
possess some pieces which I then met with in the caverns of Veyrier while 
making botanical and geological excursions. The specimens collected by our 
colleague are implements of fiint mingled with the relics of the reindeer, and 
ascend to the most ancient period of the age of stone. He has seen a bone orna- 
mented with a design which represents an animal, (probably a wild goat,) and 
another bone on which a pk^t was carved. M. Favre computes that the 
station of Veyrier is posterior to the glacial period, and that the reindeer then 
abounded in our neighborhood as it now abounds in Norway. It was probably 
in the facilite of Momex, on the lesser Saleve, that the material was sought, at 
that remote age, for executing the carved implements of Veyrier and the envi- 
rons. Nothing, however, authorizes us to infer the existence of the human xtuce 
anterior to the glacial epoch. (Arduves des ScienceSf &c., t. xxxi^. 246 Jt M. 
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Favie annoonced (5tfa Maich) that the Society of Natuml History of Berne had 
purchased, in order to insnre its preservation, an erratio block measuiing 320,000 
cubic feet and utuated near Interlaken. It is a beantif ol red granite of unknown 
origin. 

S 6. — BOTAiTY. 

The natural sciences have assumed a new phase since the publication of Dar- 
win's work on species. What is designated by that word f And, since species 
is variable, how is that variability to be indicated f By what artifice of nomen- 
clature are we to reveal to the savants of futm*e times the metamorphoses and 
filiations which are accomplished under our- eyes f 

These philosophical problems have rendered the naturalists of different coun* 
tries sensible of the utility of reunions in which they may -be discussed in a sci- 
entific manner. Our society has not been insensible to the honor conferred on 
one of its members, who was called in May, 1866, to preside over the first con- 
gress of botanists assembled in the capital of England. The committee of the 
botanical society of France, charged with organizing a second session at Paris, 
in August, 1867, invited M. Alphonse de CandoUe anew to act as president of 
that assembly. The learned professor had given us the programme of a plan 
relative to the laws of nomenclature, in which, for the first time, he had co-ordi- 
nated them as the articles of a code. This plan, submitted to a special commis- 
sion, was adopted by the congress, which caused it to be inserted .in its transac- 
tions. After an enunciation of general principles, the different subjects are 
grouped according to their nature, and each provision is marked with a number, 
so that it can be always referred to with distinctness. It is known that Lin- 
nseus has given laws under phrases thus numbered, but he has not indicated 
the directing principles ; many of his laws were arbitrary and certain points of 
view completely pretermitted. M. de CandoUe ha« been more methodical and 
more complete than his predecessors. He has been led to justify the usages 
followed by his father, by Adrien de Jussieu, Robert Brown, Hooker, Lindley, 
and still observed by MM. de Martins, Bentham, the younger Hooker, and 
others. By an immense majority of the members of the congress, the system of 
our colleague was voted to be the best guide tofoUawfor botanical nomenclature. * 

At another session (7th May) M. de Gandolle presented to us some additional 
details on the subdivision of cultivated spe^es into hybrids, mongrels, (mStis,) 
semis, and Ivsus, The hybrids being designated by the sign X, the mdtis by x^ 
the author proposes the si^ \/ to distinguisk the senus and a e for the lusus. 
Such, it may be added, is tne stage of advancement of descriptive botany that, 
at the end of the present century, nearly the whole of the genera will probably 
be known, while much will remain to be done in the investigation of species. 
(Archives des Sciences, dtc, t. xxz, p. 278.) 

M. de CandoUe called our attention (2d January) to a note of M. Venance 
Payed, of Chamonix,on vegetation in the region of ice ; it comprises a very com- 
plete list of vegetable species which are grown aj; the garden on the slopes of the 
Mer de Glace and its affluents. The same member gave an account (5th March) 
of his researches respecting the important family of the Cycadess. 

It is at present composed of nine genera and 64 species, half of which inhabit 
America, while the rest are divided between the Old World and Australia. It is 
scarcely probable that the whole actual number of species exceeds 100, while it 
made a conspicuous figure in ancient geological times. A thorough examination of 
facts leads M. de CandoUe to adopt the opinion of Robert Brown on the nature 

* Lois de' la nomenclature botanique, adopted by tb^international conjgtew of botany, held 

in Paris m AueiXBt, 1867 ; followed by a second edition of the Historical introduction and 

Commentary which accompanied the preparatory sammaiy presented to the congress. Oen- 
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of tlie frail of the cyoadese and of the ooniilBrs. This tmh proceeds from a 
Baked ovule, without ovarium, inserted on an organ analogous to the leaves. 
To all the arguments which have been advanced with this view, he adds that in 
certain of the coniferae, such as the podocarpus, the ovules are anatroponit, a 
mode of development absolutely unknown among ovariums. He does not hesi- 
tate to affirm that the gymnosporms are dicotyledons, and have only exteiiial 
resemblances of vegetation or aspect to vascular cryptogams. M. de Candolle 
has farther shown us (4th July) the acorns of an oak, a native of California, 
which present a groove near the edge of the cup, as if they had been compressed 
by a cord. 

On occasion of the analysis made by M. Alois Humbert of a new work which 
Mr. Wallace is about to publish on the classification of varieties in the animal 
kingdom, (especially in the genus PapiliOj) M. de Candolle remarked (16th April) 
that varieties have not been more studied in botany than in zoology. There 
are not as many which are local among vegetables as among animals ; nevertheless 
there exists a certain description of forms according to the nativity. A facies, dif- 
ficult to be defined, will sometimes indicate to a practiced eye the origin of differ- 
ent plants. We will cite, in the last place, the examination into which M. de 
Candolle entered (16th April) of the work of MM. Perrierand Saugeonon the 
distribution of species in the Alps of Savoy. It has been lonff remarked that 
certain alpine regions are distinguished by a very poor flora, while at other points 
it is very abundant, as at Mount Cenis, at the Saint Bernard, at Zerraatt, and 
in the neighboring localities, up to the confines of the Valais and of Italy. MM. 
Perrier and Saugeon attribute this fact to an anthraciferous geological forma- 
tion which bisects the Alps from Mount Cenis, and borders to the sooth the chain 
of Mont Blanc, comprising Cmmont, Saint Bernard, &c. M. de Candolle con- 
tests the influence which tlie geological formation is capable of exerting on vege- 
tation. Deposits indeed exercise an influence through their physical and min- 
eralogical qualities, and that on every species of stratum. The anthraciferous 
formation is very ancient, and vegetation did not commence until after the glacial 
period. The great chain must then have been the center of an immense accu- 
mulation of snow, in the vicinity of which only arctic plants could subsist. In 
proportion as the glaciers diminished, the species of the plain ascended, espe- 
cially on the southern flank. Hence the origin of the vegetable wealth of cer- 
tain .localities, which, therefore, is not to be imputed to the geological formation. 
Thus it is reraaiked that the plants to the south pertain to families relatively 
jnore recent in a paleontological point of view ; such are the composites, the 
campanulaceoB, the primulaceoe, &c., which do not occur among arctic vegetables. 
Kev. Dr. Duby communicated to us ( 4th July) the first part of a memoir entitled 
^^Choix de Cryptogames exotiques ou mdl connues/^ (selection of exotic or little- 
known cryptogams.) He treats therein more particularly of 12 species of mosses, 
10 of which are new, while two had been imperfectly described by Schwdgrichen. 
Five of these species belong to Mexico, one to Uruguay, one to Colombia, one 
to Patagonia, one to Chili, one to the Cape, one is met with at the Cape and at 
the Antilles, and a last one at the Antilles and the Mauritius. They are dis- 
tributed among the genera CampylopuSy (MhotricumjMacromitrium,Schloth€imia, 
Fabronia^ HookeriajHypnum, and a new genus allied to the Macramitrium, which 
M. Duby names Monoschisma, (See the present volume of the Memoircs de la 
SocUU.) The same member described (19th March) the new champignons of 
the family /of the lycoperdacece, which Dr. Westwick has found in the king- 
doms of Angola and Benguela. They are remarkable for their dimensions, some 
attaining a demi-meter in height. In these species the seed escape circularly by 
a series of small holes, while in the species of Europe they issue only by a single 
opening at the top. Dr. Gosse 'pointed out (5th December) the appearance of 
female flowers on some male plants of Dioscorea fra/o/tw cultivated in our canton. 
Dr. Miiller recounted analogous cases of dioecious plants having become mon- 
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oeoioQS. The same botanist reported, on the anthoiity of MM. A. Famintrin 
and Baranetzky, interesting details on the cultare of the isolated gonidia of the 
Parmdia pctrietina. These facts are a proof of the existence of zoospores among 
the lichens. 

§ 7.-^ZOOLOGT. 

At the last meeting of the previons academic year, (6th Jane,) Prof. E. Ola- 
pardde presented to tne society the resalt of his comprehensive researches on the 
Annelides. This work will occupy two of the annual volumes of our memoirs, 
and will not be the least ornament of the series. Our learned colleague ox* 
plained (4th July) the origin of certain valves observed at the extremity of the 
bristles which cover the feet in some of these species. At the time of their 
egress these bristles pierce the integuments by means of hooks covered with a 
hood, and this hood, which is caducous, remains sometimes in the shape of two 
valves at>he extremity of the bristle. Our colleague has recognized in the case 
of a man who had died of a disease of the liver, that the reputed cyst formed in 
that oigan, and which had attained the size of a man's head, resulted from an 
aggregation of Echinococd. , It is only a phase of the development of the toenia 
of the dog, the egg of which is transformed into the Echinococcus in the interior 
of the b<^y of ruminants and of man. This explains the great abundance of 
this parasite among the people of Iceland, where the number of dogs equals one- 
third of that of the inhabitants. 

M. Godefroy Lunel, keeper of the museum, exhibited to us (3d October) the 
admirably colored plates of a memoir on the fishes of the lake of Geneva, which 
will be published by the Zoological Association of the Leman. M. Lunel finds the 
number of species equal to that which Prof. Jurine has described in a memou* 
inserted in vol. iii of our repertory ) but it is by separating the trout of the lake 
from that of the rivers, and by suppressing one of the species admitted by the 
last named naturalist. M. V. Fatio discovered (21st November) in the museum 
of Neuch4tel a specimen of an old female t^tra bearing the external appearance 
of the male. In this connection he discussed some cases of cross-breeding , 
between neighboring species, and affirmed fhat these crosses are less rare than is 
supposed. 

M. H. de Saussure was designated to describe the hvmenoptera collected 
during the voyage of the Austrian frigate Novara around tbe world, (1857-'59.) 
He has taken tins occasion to publish the new species brought from the east by 
M. Alois Humbert. The same member rendered a just homage to the virtues 
and talents of the Vaudese naturalist, Alexander Yersin, removed by death in 
the flower of his age, after having made himself known by remarkable researches 
ou the stridulation of insects. M. do Saussure has offered us the biographical 
notice consecrated to the memory of his friend. 

In presenting to us the cast of a skeleton of the goriUa, of natural size. Prof. 
Pictet pointed out (Ist August) the differences observable on a comparison with 
the human skeleton. There has been recently found a new species of chimpan- 
zee; the stature of which nearly approaches that of the gorilla. 

§8.— AKATOHY AND PHYSIOLOGY. 

Dr. Clapar^de explained (2 Ist November) the latest researches instituted by 
M. Dubois-Reymond on muscular electricity. The results at which the Berlin 
physiologist has arrived, by the employment of new instruments, are quite differ- 
ent from his older determinations. {Archives des Sciences, d&c, t. xxx, pp. 359, 
364.) The same member presented (5th December) a series of designs relative 
to the anatomy and ombryogeny of some species of acari. In the hydrachni, 
and especially the AtaXj the formation of the embryo in the egg involves the 



374 SOCIETY OP PHYSICS AND NATURAL HIST(«Y OF QISNEVA 

lapture of the shell; bat the embryo, instead of being free, is enTelopedina 
membrane or detttovum, whence it afterwards issaes, first as a larva with a oara- 
pace, to be transformed secondly into a larva without carapace, and finally to 
become a perfect animal. In the embryo, as in the adult, the droulation is 
supplied by the existence of alternating or amceabean corpuscles, which msinnate 
themselves among the organs, imd are the equivalent of the corpuscles of the 
blood in other animals. M. Glaparede has extended his researches to the para- 
sitic acari of the skins of divers of the BodmHa, He has observed that tiicse 
minate creatures have (ugans of attachment analogous bat not homologous, a 
fact which is favorable to the theory of the gradual transformation of species in 
the sense of Darwin. A parasite of the Mus musaUus presents an egg^ a 
deutovum and tritovnm, a circumstance hitherto unobserved. According to H. 
Alois Hnmbert, the analogue of the deutovum occurs in the myriapod ChUog' 
na^tis. It has been seen also in the Jidus, and beep named the pupoid body. 
It exists likewise among the GlameriSj in which, like the egg, it is spherical. | 

M. Glapardde has occupied himself also with another acaras, tine Tetran^dm 
of the Linden. It is known that in a great number of aiticulata, the blastodem 
appears around ihe vitelius without previous segmentation. Now, in the Tdm- 
nychua the formation of the blastoderm takes place by the division, repeated 
many times, of a primitive cellule placed at the surface of the vitelius. The 
Buclens of the cellule is of doubtful ori^ ; it is probable that it constitutes the 
germinative vesicle. This cellule should be considered as a vitellos of forma- 
tion which constitutes a segment at the surface of a vitelius of nutrition. Henoe 
tiie ovules of the Tekxmtfchua enter into the class of those of which the segment- 
ation is partial. {Archies des SdenceSj dtc.y t. xxxi, p. 104.) 

Besides these original researches, M. Clapardde submitted to us statements of 
the most striking i^vanoes which have been made in zoology and its kindied 
branches. Thus, he drew our attention to the investigations of M. Stmn relsdve 
to infusoria, and to this unexpected ccmdnsion, that the bonrgeons of the veiti- 
celli are but an appearance resulting fix>m the fact that a small individual hu 
become conjoined with another of freater size. He analyzed the publications 
of M. Semper on the inferior animak which inhabit the coasts of the Philippine 
islands, and the new work of Dr. Darwin on the modifications experienced by 
animals in a state of domestication. He acquainted us with the recent observa- 
tions of M. Parkes on muscular labor, according to which this labor would coin- 
cide, not with an oxidation of the tissue of the muscle, but with an aogmenta- 
tion of its volume produced by a more energetic assimilation of the nitrogenized 
substances with which the blood is supplied. M. Clapardde explained (7th 
November) the ingenious researches of Prof. Max Schultze on the structure ol 
the retina. According to this skillful micrographist, the two sorts of elements 
which are found nnequally distributed in the exterior layer fulfill dififez^rait fimo- 
tions. The rod-like organizations {jM<mnets) serve for the perception of the 
luminous intensity, while the cones are destined to distinguished oolors. 

Dr. Henry Dor made known to us that calabarine, the effect of which on the 
pupil is the reverse of that of belladonna, acts as an antidote to strychnine, by 
pai'alyzing the muscles which depend on the will without abolishing? the latter, 
it may, therefore, be useful in tetanic affections. The professor last named 
gave his confirmation (2d April) to the fact, based on the investigations of Cra- 
mer and Reynolds, that the part heretofore attiibuted to the iris in the function 
of adjustment is completely null. It is the ciliary muscle alone which is in play. 

Dr. JuUiard the younger has had occasion to study a teratological case vm 
rare in the human species, namely, scironomeUa, or a soldering together of tho 
two lower membera. He presented to the society two photographs of the mon- 
Btrosity, the subject of which lived some instants after birth, and gavo a deeoip- 
tion of the anatomical peculiarities of the case. 

Our vice-president, Dr. Lombard, read to us (2d April) the/resultB i>f his fite- 
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tistical researches ou the distribution of mortality in certain Swiss cantons, 
according to the months and seasons. At Geneva, where docaments are extant 
which go back to the 16th oentaiy, it is ascertained that the difference from 
season to season has been but slightly sensible. The winter is the most unfavor- 
able epoch, summer the most salubrious ; spring approximates to the rate oi 
winter, autumn to that of summer. Aubonne and Vevay furnish analogous 
results. In the canton of Neuch^tel winter is the most fatal season for the low 
countiy, while spring is most fatal in the mountain region. The same is re- 
marked as regards 43 communes of the canton of Berne. Zurich, the city of 
BMe, Thurgovia^ Appenzell,- show a slight predominance of mortality in spring. 
In Aargau winter has the highest range of mortality. Everywhere the cases 
of death are more numerous during the summer in cities, and during the winter 
in the country. The cold of winter is more homicijdal as the altitude is higher ; 
the ratio is reversed for the months of summer and autumn. 



Such has been the soientifio movement of our society during the year which 
finishes to-day. The variety of the subjects to nrfiich attention has been devoted 
equals their importance. I may congratulate my colleagues on the part which 
they have borne with so much zeal, a part which it is not for me to estimate, in 
the study, always novel and always attractive, of the phenomena of nature. Our 
calntonal and municipal authorities have recently added their efforts by 
creating at Geneva a museum, laboratories, and a library on a level with the 
progress of the age. Let us welcome cordially these new means of study placed 
at o|^ disposal, and continue with ceaseless ardor to propagate the taste for intel- 
lectmd pniBuits. At the moment of resigning the functions which you have 
done me the honor to confide to me, 1 ofier you, my highly esteemed auA dear 
colleagues, the expression of my gnvtitode for the assiduons co-oper^ttion by which 
you have zendered the exeroiae of those fimctions as e^ as agreeable. 
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HISTOSr OF THE laAKSACTIONS OF THE ANTHBOPOLOGICAL SOCIETT OF 
PARIS FfiOM 1805 10 1867. 



By M. Paul Broca, Geveral Secretary of the Soci^Tfi D'AirrHROPOLoaiEy Pro- 
fessor AT THE Faculty db M^dicdie de Paris. 



[ Trandated bjf C. A. ALEXANDER for the Smithsomiam iMtihUum.^l 



When, four years ago, I had the honor of presenting to the society for the first 
time the analysis of its labors, I deemed it proper to preface my report by a 
brief historical exposition, in order to recall the principal phases through wluch 
anthropology had passed from its origin np to the epoch at which our society 
communicated to it a new impulse and direction. It was not at that time, per- 
haps, stiperfluouB to show how the field of our science, restricted in the begin- 
ning to a purely descriptive study of the races of mankind, had become rapidly 
aggrandized when, renouncing the pretension of depending only on itself, it had 
contracted a close alliance with all the sciences which throw l%ht on the past 
as well as present condition of humanity. 

It is now nearly a lialf century since linguistics was called to lend its inyata- 
able aid to ethnology. That indispensable means of investigation, whose readi 
exteiids much beyond the nan*ow outline of history, has revealed to us unex- 
pected filiations and opened horizons almost without limit. In according it a 
laige share in your labors you have but followed the example of your {»ne<&ces- 
soi-s. But that which peculiarly pertains to you — that which you have for the 
first time realized — ^is the association of our science with geology and paleonto- 
logy, with prehistoric archaeology, with general natural history and zootechny, 
with medical geography, statistics, public hygiene — ^in fine, with physiology and 
medicine itself. To fulfill this gigantic programme, the society has invo^id and 
obtomed the co-operation of a ^reat number of savants, differing in the nature of 
their studies, but all alike emulous of participating in the progress of the science 
of man. By the side of these, historians, men of letters, artists, philosophers, 
have taken their place, and by their communications not unfrequently enlightened 
our discussions. Thus human knowledge, in its most varied forms, finds its rep- 
resentatives among us, and our society is as a living encyclopedia, in which all 
questions, under every different aspect, may receive immediate consideration by 
competent minds. 

This propitious state of things has, however, given rise to some criticism. 
Those who reg£j:d the objects of anthropology in a different light from ourselves, 
and who would restrict it to the description of human races, have conceived a 
fear lest among so many sciences which it has laid under contribution it should 
lose its unity of action, its independence, and, so to speak, its individuality. But 
it is enough to be present at any of our sessions to see that the ideas which are 
disengaged from the great Variety in our labors always converge in the end 
towards the same object, and to realize that anthropology, far from being 
absorbed by the sciences which surround it, is, on the contrary, the common 
ground on which thoy meet — ^the focus which attracts and the bond which con- 
nects them. It is like those edifices in course of construction for which work- 

*Htvut dcs Cours Scientijiqucs de la France et de VEtranger. Paris, 18(}G-'G7. 
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men of every order, from the artisan to the artist, bring together and asraage 
materials of all kinds — stones hewed or sculptored^ exotic marbles, granite, wood, 
metals. To the apparent confnsion of the first stage socceed, after a while, 
order and harmony; nor is it necessary to wait till the stractm*e is finished to 
discover the plan and purpose of the architect. It is in like manner that the 
collective work of our society is developed ; the architect here is an impersonal 
being, it is the society itself; and all we who respectively represent the numerous 
sciences summoned to its aid are the workmen, whose zeal it stimulates and 
whose labors it turns to account. 

But the vast variety of subjects which enter into our programme has given 
birth to prepossessions which manifest themselves at recurring intervals. The 
necessity of drawing anthropological indications from all sources has been con* 
tested by no one ; but it has been asked to what point and within what limits 
the sciences which group themselves around anthropology should be placed 
under contribution f Our distinguished colleague, M. Charles Bochet, who first 
suggested this question, has long studied human types nnder the artistic point of 
view. His attention has been particularly directed to the characters of Greek 
and Roman heads— characters which he has chiefly determined firom antique 
sculptures, without neglecting, however, the testimony of numismatic or ceran&ic 
art. But at the moment of communicating to us the results of his curious obser- 
vations, he has hemtated ; he has felt a doubt whether researches of this kind, 
based on facts which pertain principally to the domain of art, ought to figure in 
the compass of anthropological investigations, and he has invited the sodety to 
state in a general manner me nature of the relations which it regards as estab- 
lished between anthropology properly so called and the conceptions which the 
latter borrows from different branches of human knowledge. The scruples of 
our colleague were exaggerated, and the interest with which vou have listened 
since then to his memoir on the type of the Roman head must have satisfied him 
that they were so. But the general question which he had propounded retains 
all its importance, and merits your attention the more inasmucn as it was recently 
reproduced when M. Camus commuoiiGated to us the learned researches of M. 
F^tis on musical systems considered as an ethnological character, 

The history of the arts, no more than that of languages, of religions, of letters, 
pr political societies, no more than the sciences called biologiciu, no m<»e than 
zoology, palaeontology, and ideology, forms any part of the programme of anthro- 
pology. A memoir ex prq^sso on painting or on music would be as little in 
place here as a communication on the structure of the bones, or a dissertation on 
the use of the subjunctive. Anatomy, however, furnishes us the best distinctive 
characters of the human races, and we are obliged incessantly to invoke its aid 
when we would establish a parallel between the human group and that of the 
anthropomorphous apes. Nor is linguistics less indispensable when we design 
to study the filiation of nations and races. Little does it import to us that such 
a race of sheep furnishes an abundant fleece, that such another affords less wool 
and produces more flesh } but when the history of these races, of their origin, of 
their crossings, of their degree of stability, supplies us with ideas more or less 
precise on the general question of the race or species, anthropology avails itself 
with eagerness of these facts, which are capable of contributing to the solution 
of some of its gravest problems. It is thus that we have often seen our learned 
colleague, M. oanson, bring his vast knowledge in zootechny to bear, and never 
without effect, upon our discussions. We couM not advance a single step in the 
study of the prehistoric races if archaeology had not first furnished the elementa 
for the distinction of epochs-— if it did not indicate to us the relative dates of the 
inhumations from which we derive the bones submitted to our observation; yet 
it is evident that the labors proper to pure archseology would divert us from our 
object. This has been perfectly comprehended by those of our colleagues who, 
without ceasing to be numbered among our most zealous and active members. 
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have founded witUn two years past, under the presidency of M. Legaay, tlie 
Parisian Soeiefy of ArcluBdogy and History, In this yonnger association, which 
80 many ties connect with our own, archaeological facts are set forth in all their 
details and are discussed for their own sake, while among ourselves the archseo- 
logical demonstration is, so to speak, but the preliminaiy of the anthropological 
fftots which result therefrom ; and hence it frequently happens that the same 
teseaarohes, without involving useless repetition, present themselves at the same 
time in both societies under different points of view. This example serves, bet- 
ter than any other, to evince the nature of the relations of interdependence (soli- 
dariU) which exist between anthropology and the sciences grouped around it. 
It asks from those sciences indications rather than didactic developments, and 
therefore can afford to exclude none of the branches of human knowledge which 
aro capable of frimishing any ideas on the history or the femiilies of mankind. 

Under this head I may point to the importance of the researches of M. Fetis, 
of Brussels, on the origin of musical systems, and their distribution among the 
differant populations, ancient or modem, civilized or barbarian. This venerable 
savant has devoted a long life to a study which, previously^ had barely attiaoted 
the attention of a few virtuosi, but which has become in his hands a real science. 
Aocostomed from our infancy to certain musical impressions, we have been led 
to believe that our classical gamut is the solo form of harmony, that the division 
of the octave into five tones and two demi-tones is an institution of nature, and ' 
tliat every modulation whose elements do not enter exactly into this division is 
false, discordant, contrary to the pre-established order of things. This, how- 
ever, is but an illusion developed by habit. It suffices to hear or to analyze the 
strains of the nightingale or linnet to perceive that they cannot be expressed on 
the keys of our pianos, and to be convinced that the purest harmonv may exist 
outside of our musical system. As for this system, we find it everywhere among 
ti)6 nations which have adopted our own form of civilization. The multitude of 
atrangers drawn to the Universal Exhibition at Paris, after having presented 
during the day the phenomenon of a complete confusion of tongues, constitute 
bnt a single people wher. they congregate at night in the saloon of the opera. 
Amid the diversity of their idioms, the music establishes between them common 
aensations, and, so to say, a common language ] but if the same auditory found 
itself transported of a sudden into the presence of one of the Chinese orchestras 
with which our colleague, M. Armand, has lately entertained us, it would sup- 
pose that it was listening to a charivari and would stop its ears, much to the 
aeandal of the indigenous spectators, who, for that matter^ no more comprohend 
our musical system than we theirs. 

Jnet aa linguistics enables us to establish among the groups of mankind dia- 
tiBctiona and approximations, the significance of which may admit of discussion, 
but whose reality is ri^rously demonstrable, so the stuay of musical systema 
and of their actual distnbution may furnish valuable indications, if not on the 
filiation of races, at least on the communications which must have existed between 
them at epochs more or less remote. For this reason alone, the comprehensive 
researches of M. F^tis would "be worthy of your favorable attestation. The docu- 
ments which he has collected on the music of nearlv all modem nations have 
led him to establish a certain number of great and well-determined groups. Bat 
thia conception, however interesting it may be, did not satisfy him. He per- 
oeived that it was necessary to seek in the study of the past the explanation of 
the present state of things, and has undertaken a labor which may be compared 
to that of the linguists who, resuscitatixi^ dead languages and even reconstruct- 
ing primitive ones of which no recollection is retained, have succeeded in casting 
no obscure light upon prehistoric eras. Not content with recombining all writ- 
ten indications on the music of the ancients, M. F^tis has brought into play the 
inatmmenta discovered by the archaeologists. The flutes^ the fragments of the 
lyre found in the monuments of Egypt or sculptured on Assyrian>ba8-relie&, 
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kave served him as HiodcflB, and, by oopving theso ioBtrameiitB wiih hiB own 
hand and with strict exactness, be has drawn from them sonuds which have 
roEtored to life musical systems bnried in oblivion for thirty centuries. These 
remarkable researches require, no doubt, the control of criticism and the sanction 
of time, but it may confidently be said that even now they open to science a 
]»sonrce not only suggestive but wholly new. Not that we are to hope that the 
study of mofii*^ systems can ever acquire an historical and ethnological value 
equal to that of linguistics. Music is a mode of expression less rich and far less 
precise than articulate language, and can only furnish terms of comparison much 
more restricted. It is certain, moreover, that it is less closely connected with 
the life of the pec^le, with their naiti<maiity, and the facts cited by M. F^tis 
himself prove that nations whose languages pertain to stocks entirely distinct 
have adopted the same musical system. But the means of investigation with 
which anthropology has been thus endowed are not the less valuable, since they 
reveal to ns at once the artistic aptitudes of certain races and the ooounnnica- 
tions which have been established between them in times previous to histoiy. 

I have thought proper to dwell somewhat on these researches, so new and so 
interesting^ of which our society has enjoyed the first fruits, and which make, for 
the first time, their appearance in science. Arriving now at subjects if not more 
classic, at least more commonly known, I may restrict myself to more summary 
statements. 

Grcneral anthropology has occupied, as usual, a large space in your labors. 
The question of the imuence of <dimatic mediums which gave rise, three years 
ago, to so extended and complete a discusrion, presented itself anew on occasion 
of the important memoir of M. Garlier on acclimation in America. No one could 
treat this subject more competently than the author of the Histoire dupet^ 
Americain, Although his long researches have borne principally on Ihe popu- 
lations of North America, M. Garlier has also studied the acdimation of the negro 
race in the Antilles and in Brazil. That the races of the old world are acclimated 
in the States of the Union is demonstrated by the rapidity with which the 
population has there increased; but to appreciate the signification of thb move- 
ment, it is necessary to distinguish the intrinsic increase from that which is due 
to immigration. This is what M. Garlier has d<»ie,.and we cannot too highly 
praise the sagacity with which he has availed himself of all the statistical doou- 
mentsy unfortunately incomplete, which have been collected in the United States 
since the beginning of the century. From these laborious researches it results 
that the intrinmc increase of the population has sensibly slackened for 20 years 
past. The inquiries of our learned colleague have moreover established, contrary 
to the generally received opinion, that three-fourths of the imnugcants are foreign 
to the Anglo-Saxon race. The ethnical importance of this fact is considerabls. 
M. Bameau, struck, like many other observers, with the differences which exist 
between the English of Europe and the Anglo-Americans, has attributed these 
modifications to the influence of climatic mediums, while, according to M. Garlier, 
they are due principally to the influence of cross-breeding. The interesting dis- 
cussi<m which arose on this subject between our two coUeagoes seems to liave 
left the subject undecided as regards the 13 primitive colonies which, at the close 
of the last centurv, founded the American Union. But for the 23 States which 
have been formed since then, and several of which date bat from yesterday, it is 
difficult to invoke a climatic influence which can only have been exerted on two 
or at most three generations. M. Garlier has insisted that the modifications pro- 
duced by climate cannot be manifested in so short a lapse of time. 

To complete his investi^ion, our colleague has stuped the acclimation of the 
negro, not only in the United States but also in tiie Antilles and Broaul. Tlu9 
part of his memoir procured us some interesting communications from M. Martin 
de Mous^ ob the state of the negroes in Soum America, and from M. Bimonot 
on the questions of hybridity suggested by the study of the mnlattoes. If tka 
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population of penons of color incroMos comdevibly in certain countries, it is nol^ 
according to M. Simonot, from its own feoandity bat through the reinforcements 
it incessantly receives from continnal crossings of the whites and blacks. To 
the nnmerons and weighty &cts which M. P6rier has brought together in his 
learned memoir on the cross-breeding of human racesy and which aathorize a 
doubt of the validity and fecundity of many hybrid populations, M. Simonot 
adds another which; according to his own observation, would oppose a still more 
decfsive obstacle to the formation of mixed races: the tendency, namely, which, 
after the lapse of some generations, restores gradually the descendants of hybrids 
to the type of one or other of the mother races. These pfaenomema of atavism 
have become difficult to be distinguished from the effects <A crossings in a recur- 
rent direction, because hybrids of different bloods pair and mix on all sides^ 
whether with one another or with individuals of pure race. But this complica- 
tion can be eamly avoided in experiments made upon the domestic animals : hence 
IL Sanson has been enabled to take his stand upon many precise facts in order 
to demonstrate the instability of the characters of hybrids. M. Pruner-bej 
pointed out, however, that conclusions drawn from the study of certain crossings 
might not be applicable to other crossings different from the former in the nature 
of the races or spedes, or in the conditions of the medium in which they are 
effected. 

It is veiy probable, in effect, that these different circumstances have an influ- 
ence on the results of cross-breeding. It is necessaiy^ above all, to take account 
of the degree of proximity of the races; and what results most clearly from the 
researches of M. P^rier is, that the disadvantages of cross-breeding are the more 
decided as the two mother races are more unlike. If the similarity of the parents 
constitutes a favorable condition, it is natural to think that, all things else being 
equal and abstraction being made of hereditary pathologicid infloenoes, consan- 
guineous unions cannot become detrimental from the sole £BM>t of consanguinity. 
It is thus that M. P6rier has been logically led to connect the opposite^ but yet 
reciprocally dependent, questions of hybridity and consanguinity. 

These two questions have, from the origin of the society, given rise to a great 
number of memoirs and discussions in wmch contradictory opinions have been 
brought to li^ht. But I should speak here only of the feusts which have been 
adduced withm two years past I shall not recur, therefore, to the debates which 
were maintained some years ago, between MM. Boudin and de Banco, adver- 
saries of consanguineous unions, and MM. Bourgeois, Perier, Dally, who denied 
the harmfnlness-of those unions. No one contested the reality of certain &ots 
alleged against consanguinity ; all acknowledged that in famiHee infected with 
constitutional vices or hereditary diatheses, marriage betwtdcn cousins leads to 
unfortunate results : but these results were attributed by the one party to the 
consanguinity itselr, while the other considered them but as a particular case of 
^e accidents of inheritance. These last gave expression to thehr opinion by say- 
ing that' heaUhy consanguinity is exempt from bad effects. The question 
bemg stated in this form, it was no longer competent to seek here and there for 
sporadic examples which might appear more or less favorable to one or the other 
thesis. To avoid the chances of error resulting from individual accidents, it was 
necessary to study the effects of consanguinity in some restricted and well-circum* 
scribed populations, in which unions between relations are habitual. This has 
been done with the greatest precision by our colleague, M. Voisin. The commune 
of Bats, situated on a small peninsola north of the mouth of the Loire, com* 
prises a nopulation of 3,300 souls, devoted exclusively to the cultivation of the 
salt maronee. The special nature of this industry offers little attraction t«> 
strangers; hence it is very rare fw an inhabitant to many beyond his commmie, 
while consanguineous unions, even within the degree prohibited by the church* 
are extremely frequent. Thus, in the year 1865, there took place between coa- 
sins-gprman or their issue 15 marriages, for which it was necessary to ask ecclesi- 
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astical dispensation. It was in tbe midst of tUs oonsaagtiineoiiB popnkftion tbal 
M. Yotsin collected his observations. He did not content bimself with verifyini; 
in a ^neral manner the physical prosperity of the inhabitants. He has recorded 
the history of each honsebold, examined the parents and i^ildren^ studied tbe 
births and deaths, and in a word prepared yery complete genealogical tablea, in 
which is summed np alJ the information relating to 46 oonBangaineoas nuur- 
riages. In stndying these tables, published at the end of the memoir, we cannot 
help recognizing with M. Voisin, that in a healthy population, consanguinity, 
even when superposed, involves none of the deterioration which has been attrib- 
uted to it. After having sojourned at Batz an entire month, and passed in review 
all the families, our colleague has ascertiuned that '' neither vices of conformation, 
mental maladies, idiocy, cretinism, snrdo-mutism, epilepsy, albinism, nor blind* 
ncss from pigmentary retinitis, exists in any individual, whether the issue or not 
of consanguineous parents." 

Analogous observations have been collected by M. Dally in the little isle of 
Br^hat, (Cdtes-du-Nord,) and by M. Duchenne of Boulogne among the popula- 
tion of IPortel. They are less rigorous, indeed, than those of M. Voiain, since 
they are not accompanied by genealogical tables, but they are still very import- 
ant ; they are moreover confirmed by the zootechnical observations of which 
M. Sanson has presented us a summary, and which are due to M. Benard of 
Issoire, and M. Legrain of Brassels. M. Legrain has especially turned his atten- 
tion to the production of albinism in rabbits; it results firom his experiments, 
divided into several series and conducted with great sagacity, that consanguinity 
never produces albinism among those animals when they are reared under good 
hygienic conditions; but that albinism manifests itself at the end of some gene- 
rations when the rabbits are ill-fed and lodged in dark and unclean wan«is» 
Nothing could better justify the distinction advanced by M« P^rier between 
healthy and morbid consanguinity than this example. 

The questions of consanguinity and hybridity, and the dnoossioiiB to which 
thev have given rise, natundly lead me to consider the numerous communications 
of M. Sanson on the characteristics of race and of specnes. It is, in effect, the 
study of the phenomena of generation, direct or crossed, which serves as a basis 
to the doctrine sustained with so much conviction by our colleague. 

The authors who have occupied themselves with the determination of species 
may be divided into two classes : one, and by far the more numerous class, makes 
specific distinctions rest on the ensem^ of the morphological and anatomical 
characters; the other, after the example of Ray, Buffon, and M. Flourrais, admits 
as a criterion of species only one sole and unique character purely physiological, 
namely, the perfect fecundity of sexual unions. M. Sanson accepts at once both 
these zoological methods, which heretofore have disputed the suffrages of savants; 
he holds them both as valid, but applies them to different cases. He employs 
the physiological method for constituting the group called species^ and avails 
himself exclusively of the anatomical method for the determination of the racu 
of each species. These races are not, in his view, varieties resulting firom the 
subdivision more or less tardy of a species previously uniform and hcmiogeneons* 
They are primordial, or, in other words, as ancient as the species itself; they aro 
moreover permanent and immutable ; that is to say, neither the influence of climatio 
mediums, nor crossings, nor selection can cause them to deviate in a durable 
manner from their primitive type. In other terms, as M. Lagneau has expressed 
it, M. Sanson attributes to each of the races which compose a species the pro- 
perties and characters hitherto attributed by classic naturalists to the species itself; 
a sense which M. Sanson himself elsewhere conveys in saying that it was his 
object 'Ho introduce a substitution of race for species as the last term of natural- 
classification." 

The doctrine of our colleague is in the end, therefore, but an emphatic and 
absolute form of polygenism. But the discussion to which it has given rise in 
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tUn society has turned only upon general principlee, and die special question of 
tbe permanance of human races has not been broacl^ed. While M. Gaussia 
contested the value of the exclusive physiological character on which M. Sanson 
relies for the determination of species, MM. Lartet and Lagneau suggested 
doubts respecting the absolute permanence of races, and cited facts tending to 
demonstntte the formation of new races in domestic species, and even in wild 
species; and M. de Moitillet, relying chiefly on paleontology, went so far as to 
deny not only the permanence of races, but also that of species. The convictions 
of M. Sanson have not, however,''been dbaken by these objections, and his oppo- 
nents themselves have acknowledged the talent which he has displayed in this 
difficult line of inquiry. Questions of this class are among those which will be 
long, doubtless, the subject of controversy; but the discussion elicted by M. 
Sanson has not been without its fruits: it has shown, in the first place, that the 
standard idea of species, considered as a naturtd, primordial, and permanent group, 
is far from sufficing to the actual needs of science; it has shown also that races 
to which it has been the custom to attribute a variability much too ^reat, tend, 
on the contrary, for the most part, to maintain and perpetuate themselves without 
durable change; that the innumerable varieties obtained by crossings, selection, 
or culture have in general only a feustitious existence, and that, left to themselves, 
they disappear if not always, at least almost always, whether from the want of 
fecundity or from the effect of the law of atavism, wluch, after a while, causes 
types momentarily effitced to reappear. 

" I must pass in silence, but not without regret, a considerable number of ethnolo- 
gical facts, simply descriptive, which would lead to analytic details of too special 
a nature. As a subject of more commanding interest, and one which has always 
asserted a paramount claim to the attention of the society, I proceed to notice its 
discussions respecdng crtmiology. 

As the skulls presented to the society and destined to enrich its museum become 
more numerous, the more need is manifested of a recurrence to rigorous processes 
of measmement in order to institute truly scieq^c comparisons between the dif- 
ferent series. For geometric diagrams, for angular measures and triangulations, 
special instruments are indispensable; they enable the observer to detect shades 
of difference which would otherwise escape the most practiced eye, and furnish 
moreover numerical data for the calculation of mean terms. Hence the commis- 
sioners to whom the society has intrusted the charge of preparing instructions for 
(oaniometry have applied themselves particularly to the improvement of instru- 
ments for study. They have already presented us a new goniometer, light and not 
costly; a newcraniograph qualified to delineate completely, by way of geometric 
projection, all the details of the wada/ce of the cranium; and a small and very 
simple instmment, the sphenoidal crotchet {crochet), by means of which the 
sphenoid angle of Welcker may be measured without sawing the skull. Our col- 
league, M. Grenet, (de Barbezieux,) has also communicatod a new process of 
triangulation of the skull and face, an ingenious expedient, the utility of which 
has beeii shown hy M. B^tillon in his dissertation on cephalic angles. In this 
memoir, in which are collected all known facts relating to the feusial angle of 
Camper and its derivatives, as well as the auricular angles and the angle of 
Welcker, M. Bertillon has recorded moreover the numerous observations made 
by himself on the different series of our museum, and has pointed out all the 
advantages to be derived from the judicious employment of statistical calculations, 
for correcting the errors or rather die divergencies which result from the diversity 
of the processes of mensuration. 

It was not the first time that the results of craniometry had been submitted 
before the society to the correction of mathematical methods. M. Qaussin had 
already applied alc^ebraic formulas to the determination of the relations which 
exist between the three diameters of the skull, and had expressed these relations 
by the help of graphic oonstmctions based on the system of rectilinear pH>rdinate8. 
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Taking as a {K^iitof departae the mfiaBozeioents vfaioh be had exeoated on the 
flieat series of crania known by the name of skuRs iif ihe city^ he deduced a 
formula which he has since tested by its application to the oraniometxical tables 
piepared, from series the most diverse, by M. Pnuier-bey^ by MM. His and 
Itntimeyer, and by myself. Now, such is ihe precision of his caloolationSy that in 
every case where the formula applied to series of skulls of the same type appeared 
to indicate diveijgendeSy it has been ascertained that these depended on the 
difference of the processes employed by the different observers for the measure- 
ment of the vertical diameter. The way opened by M. Gttussin in this remarkable 
memoir may be easily enlarged, for all the craniometrical elements may be made 
auxiliary to the same researches ; nor can it be necessary to point out the impozt- 
. ance of a method which permits of redndng to the same standard observations 
collected according to different processes, and even of correcting what astrono- 
mers call the personal error. 

Our distinguished colleague, M. de ELhanikof, also, bringing to the study ol 
anthropology the aid of the exact sciences, has successfully applied the formula 
of M. Qaussin to the cephalometric measurements reported nom Persia by M. 
Duhousset, who, operating on the living man, had only heea able to obtain by 
appjoximation the length of the vertical diameter. In conformity with the 
general instructions published by the society, M. Duhousset has taken, to leplaoe 
that diameter, the height of the plane of the vertex above the auditory onfice. 
But the situation of this orifice in relation to the plane of the base of the craniooi 
sensibly varies according to races. We might expect, therefoie, to recognise a 
certain divergence between the results of the cephalometric observations of M. 
Duhousset and the craniometric formula of M. Gausdn. This divergence has, 
however, proved very small ; in four out of six series of observations the result 
has been less than one millimeter and a half. The two series of Kurds and 
Hindoos alone have presented divergencies of three and four imllimeteis, which 
depend, doubtless, on variations in the position of the auditory canaL On this 
occasion M. Khanikof communicated to us the notes which he had collected in 
the museum of St. Petersburg on the height of the orifice above the plMoe of 
the occipital orifice. He has consigned them to a valuable table, in which figure 
most of the populations of Ada. 

But it is impossible to speak of craniometric tables without immediately recall- 
ing those with which our former preddent, M. Ptuner-bey, has enriched our 
memoirs and bMeiina, Thanks to him, we can now pursue, in the doset, the 
most predse study of the constitution of the skull and £sce of the greater number 
of the human races. The three great tables which accompany his memoir, 
entitled BestdUxts de crdniomitrief comprise more than 15,000 measurements 
taken on skulls derived from all quarters. Among them we find 117 African 
i^lls, 165 from Oceanica, 82 American, 58 Adatio, and 105 European skiQls, 
ancient or modem. It would be in vain to seek elsewhere an equiid amount of 
documents collected after uniform processes by the same observer. These three 
tables present us, in a condensed form, the results of many years of circumstantial 
researches, and when we think of the immense labor they have cost we cannot 
but wonder how our colleague has found time to execute his great works in 
linguistics, and to treat, moi-eover, with so much competence the highest ques- 
tions of general and philosophic anthropology. The secret consists in his 
having enjoyed the happy privilege of preserving, in the maturity of age, the 
indefatigable ardor and the sacred fire of youth. Let us add that he is one of 
those rare men of science who have the good fortune to be able to devote them- 
selves entirely to the study, or rather the religious culture, of anthropology. 
May the example he gives us find frequent imitators I 

It is not here that I can hope to recapitulate all the craniolo^cal facts which 
have been communicated to the sodety. Bare it is for a single dtting to pass 
without an offering of new skulls. Among those which have oome^^from foreign 
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ooantries I Bball oontent myself with mentioning tfao sknlls of two Ghellooks, 
inhabitants of the banks of the Nile, presented by M. Lagarde } the two skolls 
of Bed-skins, brought to ua by M. Berchon ; the cranium of a Bechnana, sent 
by M. Lautr^, missionary in southern Africa; the Egyptian head, and the skull 
of an Arab, which we owe to M. P^rier; the cmious deformed skull from the 
valley of Ghovel, (Central America,) which the Ahb6 Brassenr de Bourbouig 
has contributed to our stores ; finally, and above all, the magnificent head of an 
Australian, conveyed to us by Professor Ch. Martins. This last piece, so remarka- 
ble in an osteological point of view, reveals to us a singular and heretofore 
unknown trait of Australian manners. It is mummified ; all the flesh of the 
head, desiccated and hardened to an extreme degree, is applied exactly to the 
bones ; the half-opened mouth is filled with bird's feathers ; a string strongly 
knotted is passed through the cartilages of the nose. From what is known of 
the customs of the Australian tribes it is impossible to suppoee^that this head 
proceeds from a body embalmed or mummified by a methodical process. Every- 
thing leads to the conclusion that it is a trophy of war, dried and preserved as a 
memorial by the victor in some bloody afiray. 

A particular notice is due to two fine series of skulls collected in Syria by 
M. Girard de Bialle, and at Alexandria by our regretted collea^e, Schnepf. 
The skulls from Alexandria date fi'om the Greco-Roman epoch. The population 
of that great city then presented a confused mixture of neaiiy all the races of the 
ancient world. Hence the practiced eye of M. Pruner-bey has been able to 
detect in the collection of M. Schnepf, besides the skulls of Egyptian race, a 
still greater number of those of Greeks, Eomaus, Ligurians, Negroes, and Syrians. 
The skulls of the collection of M. Girard de Bialle are derived, some from 
Damascus, the others fix>m Rasheya. These last, to the number of 12, present 
a surprising uniformity, and appear to have been artificially distorted by an 
occipital compression. 

The European skulls presented have been too numerous to admit even of men- 
tion. Most of them are referable to the man of the prehistoric era, or to certain 
existing populations which appear to be the issue of the primitive race of the age 
of stone. The conquering races which introduced into Europe the Aryan lan- 
guages and the use of metals did not destroy, as may have been supposed, the 
vanquished nations, but, by mingling with them, caused them to undergo, almost 
everywhere, modifications more or less profound. Since that period new cross- 
ings, many times superposed, have changed more and more the character of the 
first races } new conquests, new migrations have, in some sort, transformed the 
greater part of the populations of Europe, and, in the midst of this almost inex- 
tricable intermixture, the exploration of ethnic origins has become one of the 
most complicated problems of om* science. To dissipate this uncertainty two 
prindpal means lie open before us. These are, on the one hand, the study of 
those populations which, according to the testimony of linguistics, have more or 
less resisted the foreign influence, and which, in preserviog their pre- Aryan lan- 
guages, have doubtless also preserved, in a degree of relative purity, the type of 
the primitive races; and, on the other hand, the examination of the remains 
which the populations of the age of stone have left in the soil, at prehistoric 
epochs whose succession has been determined by archaeology and palseontology. 

The surviving witnesses of the primitive human fauna of Europe form now 
only two groups, confined to the two extremities of that part of the world, and 
resembling those summits still existing undei' the shape of islets in submerged 
regions — ^they are the Basques and the Fins. Our distinguished colleague, M. 
de Baer, thought that he had discovered among the Bomans of the Bhetian Alps 
a third group of primitive populations; but this opinion, already refuted by MM. 
His and Butimeyer in their Crania Hdvet^, cannot sustain itself in presence of 
the facts embodied in the two important memoirs which M. His has addressed to 
this Society. The brachycephalous population of the environs of C^re, far fi:oni 
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being representatives of the autocbtbonons race, are, on tbe contrary, descendants 
of tbe Alemani, tbe last invaders of tbe country. Tbe attention of tbe Society 
bas been tberefore principally jBxed on tbe Fins, witb wbom we may associate 
tbe Estbonians, and on tbe Basques. 

M. Beddoes, (of Clifton,) well known for his researcbes respecting tbe popula- 
tions of Scotland and Ireland, bas communicated to tbe Society tbe table of meas- 
urements wbicb be bas taken of tbe heads of tbe Swedes and Finns. Tbe last 
are distinguished by a decided bracbycepbalism, and differ from tbe Scandinavians 
not less by tbe conformation of tbe face than by that of tbe bead. Tbe absence 
of tbe Finnish sknli constitutes in tbe museums of Paris a void much to be 
regi'etted. Last year, however, three skulls of Estbonians were given by M. 
Baer to tbe museum of natural history, and have been the subject of an import- 
ant communication of M. de Quatrefages. Although separated from tbe Finns 
by the Gulf of Finland, tbe Estbonians speak a dialect of the same language, 
and, notwithstanding tbe mixtures they may have undergone, the greater part of 
them still preserve uie characters of tbe Finnish race. Of tbe three skulls which 
M. de Quatrefages has presented to the Society, one is purely Mongolic; tbe sec- 
ond is so too, though in a less degree ; both are bracbycephalons. The thiixi is 
almost dolicbocephalous, but is very similar to tbe second in the form of tbe face; 
like that, it is remarkable for a prognathism limited to tbe upper jaw. The lower 
maxillaries, on the contrary, have a vertical direction, and M. de Quatrefages has 
discovered in those bones all the characters of the famous jaw of Moulin-Quignon. 
Our eminent colleague is hence disposed to believe that the Estbonians are the 
remans of a race heretofore disseminated in western Europe, where it has long 
since disappeared through multiplied and predominative crossings, but where, 
nevertheless, it has left an influence which is still manifested here and there by 
the phenomena of atavism. The cases of alveolar prognathism which sometimes 
present themselves among our own people, especially in females, would thus find 
an explanation. These views, resting thus fur niK)n but two pieces, (for the first 
Estbonian skull, being toothless and deprived of the lower jaw, cannot serve for 
the study of prognathism,) have need of further confirmation; but they are not 
unworthy, even now, of being regarded witb hiffh interest. 

As to tbe Basque skulls, the discussions to which they have given rise in the 
society are still pending. Nineteen new skulls, similar in all respects to the 
former 60, and, like them, nearly all dolicbocephalous, have been sent to us by 
our zealous colleague, M. Velasco. But these, again, come from tbe cemetery of 
Zamus, and do not escape, consequently, the exclusion invoked by M. Pruner-bey. 
Every effort should be used, therefore, to procure Basque skulls from some other 
scene of production. The consignment made by M. Velasco had the advantage, 
however, of eliciting a new discussion, which procured us the pleasure of bearing 
an instnictive lecture of M. Pi-uner-bey on the Basque language. Without dis- 
avowing the analogies which have been pointed out between that language and 
the Tartar idioms, our colleague shows tliat these analogies are superficial and 
of little significance. In bis view the Basque language constitutes a unique fact 
in the old continent, and has true afiinities only witb the languages of America;/ 
but he does not think himself authorized, from the afiinity of the languages, to 
infer the filiation of the populations. However this may be, the ideas set forth 
in this memoir are but little favorable to the hypothesis of those who strive to 
reduce to one single race all tbe primitive, or rather pre-Aryari, races of 
Europe. 

This question of prehistoric races, thanks to the zeal of the arcbfleological 
anthropologists, has made, within a short time, remarkable progiess. France, 
Switzerland, Belgium, the IJritisb Isles, Scandinavia, are no longer tbe only conn- 
tries subjected to the investigations of our science. There is now scarcely any 
country of Europe which is a stranger to researches of this nature. More than 
one important prehistoric station has been discovered in 6eiinany>and Austria. 
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The pablicadons of the anthropological section of Moscow have made ns 
acquainted with excavations effected in the old tombs of Greater Russia. In 
fine, recent and numerous explorations made in Italy, in Spain, in Portugal, have 
shown, beyond dispute, that the two occidental peninsulas nave also had their age 
of stone. The results of the first researches of Gasiano de Prado were stated to 
the Society by M. Pruner-bey in an interesting report on ArUhrapohgy in Spain. 
The discoveries of that savant, too soon lost to science, have been confirmed by 
M. Edouard Lartet, the worthy son of our eminent colleague. M. Pereira da 
Gosta, moreover, has communicated the facts which relate to the antiquity of man 
in Portugal, chiefly in the basin of the Tagus. This is doubtless but a first 
harvest. The ideas which we possess respecting the primitive populations of 
Iberia are as yet too vague to furnish grounds for a synthesis ; but facts more 
numerous and more precise, collected in the other peninsula, have shed quite a 
new light on the primitive conditions of the country. A Nicolucci, an Italia- 
Nicastro, a De Bossi, a Gkstaldi, a Gocchi, a Ganestrini, emulous in zeal and 
perseverance, have shown what science may hereafter expect from regenerated 
Italy. The Phoenician sepulchers of Sicily and Sardinia, explored by M. Italia- 
Nicastro, have furnished a large number of highly interesting archaeological facts. 
M. Nicolucci has sent us the description and figure of several of the skulls which 
have been obtained; and when these skulls are compared with those which are 
procured from the ancient tombs of Etruria we feel authorized to predict 
a day when the Semitic origin of the Etruscans will be definitively demonstrated. 
It is to M. Nicolucci, moreover, that we owe the first craniological ideas on the 
ancient lapyges, a population of southern Italy, of whom the historians of 
antiquity have made but va^e mention, and whom it was the custom, not very 
long ago, to regard as autocnthonous. M. Mommsen had already surmised, from 
inscriptions on their tombs, that certain characters distinguishable in the remains 
of their language tended to ally them with the Indo-European group of nations. 
This view has been now frilly confirmed by our learned colleague, M. Nicolucci, 
who, having had an opportunity of studying three skulls found in lapygian 
tombs, has authenlicated their resemblance to the Greek type. Gollating this 
idea with the historical vestiges which he has been able to collect, he is led to 
think that the lapyges were a horde of Pelasgic origin, chased from Greece into 
Italy by the invasion of the Hellenes. This is still but an hypothesis; but what 
appears almost certain is, that the lapyges were of foreign origin and that they 
were not the- first occupants of the peninsula. If the lapyges and the Etruscans 
are to be considered as exotic branches, where shall we find the primitive races 
of Itdyf The question, in as far as southern Italy and Sicily are concerned, is 
still very doubtful. The facts which M. Rossi has recently detailed to us with 
80 much clearness establish the existence of a dolichocephalons population which 
occupied central Italy during that age of stone, which the poets, with perverse 
inspiration, have called the age of gold. But in northern Italy, in the ancient 
Lignria, there was a brachycephalous race, which appears to have preceded all 
the others. This Ligurian race, which has been made known to us by the labors 
of M. Nicolucci, extended on the Mediterranean coast as far as southern France. 
Our illustrious colleague, the Duke de Luynes, has made many explorations in 
the soil of these regions ; he has exhumed a great number of skulls, which M. 
Pruner-bey has exhibited to us, and in the greater part of which he has pointed 
out the characters of the Ligurian race. 

It is here that I might introduce the facts relating to the anthropology of 
France, but these are to be the subject of a special report, which you have con- 
fided to the learned pen of M. Lagneau. I cannot dispense, however, with a 
grateful recognition of our obligations to the activity and generosity of our arohse- 
ological colleagues who, not content with enriching our bulletins with their inter- 
esting communications, have endowed our museum with a great number of articles 
the more valuable for having their authenticity and date guaranteed by com- 
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petent anthorities. Thns, MM. Bertrand and Legnay Lave prooored for us a 
whole series of skulls and bones taken by themselves from the dolmen of 4jgen- 
teuil, and .M. de Saalcy has given tis several skoUs derived from the topiali 
of ^eloisey, (cdte d'or,) and which date from the first age of iron. The Society 
has also received, thanks to the intervention of several of its members who formed 
pait .of the commission of the musenm of St. Germain — thanks especially to M. 
Bertrand, director of that museum — & fine series of skulls exhumed from the 
Gaulish cemetery of Saint £tienno-au-Temple, near Ohalons-su];-Mame. Sun- 
dry communications of M. Roujou and M. Leguay have brought to our knowledge 
the results of the excavations made at Villancuve-Saint-G^rges, in a station of 
the &ge of polished stone. M. Roujou has superadded the description of a num- 
ber of specimens of cut silex found in the diluvium of the environs of Paris, and 
of several hearths engaged in the loess near Choisy-le-Roi. M. Manricet has 
presented to us bones extracted from the dolmen of Moustoir-Garnac, (Mor- 
biban,) and the fac-simile of two human feet delineated on one of the lateral 
stones of the dolmen of Mont-en- Arzon. If we add to these the fine head from 
Quiberon, sent by M. de Closmadeuc, (of Vannes,) and the cut silex which MM. 
Hamy and Sauvage have brought from Chatillon, near Boulogne-sur-Mer, we sball 
still be far from having enumerated all the archsological facts which relate to the 
anthropology of our country. But I should hardly be pardoned for quitting this 
subject without mentioning in a particular manner the numerous communicationa 
of M. de Mortillet on the prehistoric epochs. The learned editor of the MaU- 
riaux pour VHistoire PosUice et Phihsophique de V Homme leaves us not in igno- 
rance of any of the important facts which throng from all quarters to hb journal, 
and if we are ever at a loss for infoiination we are sure of finding it with him. 

The greater part of the archaeological documents of which I have just spoken 
relate to the epoch of polished stone, which preceded the age of bronze; that is 
to say, the inauguration of the Indo-European era. The ages which afterwards 
elapsed till the advent of written history, and which are designated by the name 
of the Celtic epoch, are accessible by several means of investigation. Anthro- 
pology relies not here solely on ai'chseology ; it derives light from the torch of 
linguistics, and even from the first glimmerings of history. A note of M. Henri 
Martin on the Cimmerian miffrations, a learned memoir of M. Georges on the 
origin of the Celts, have added new facts to those which found a place, three 
years ago, in the discussions of the society on the original sources of the Euro- 
pean populations. On the other hand, our venerable foreign associate, M. d'Oma- 
lius d'Halloy, whose green old age sets at naught the ravages of time, has main- 
tained, in a remarkable and highly applauded work, the objections which he had 
previously luised against the prevailing doctrine ; and it is impossible not to 
recognize that, if linguistics be in a position to demonstrate the Asiatic origin of 
the Aryan languages, anthropological observation does not permit us to consider 
all the populations which to-day speak those languages as descendants in a direct 
line of one and the same people. The diversity of types of the modem Indo- 
Europeans can only be explained by the survivorehip of autochthonous populations, 
which, ah'cady dinering at the epoch of the Asiatic invasion, have been crossed 
with their conquerors, and have maintained the dissimilarity of races even where 
the relationship of idioms seemed to indicate a common origin. 

The multitude of the races of prehistoric Europe, which forces itself on the 
mind as the necessary explanation of the actual state of things, results directly 
and incontestably from the study of the skulls of the age of stone. In the dis- 
lussion which has been raised on the craniological type of the men of that epoch, 
iocts apparently contradictoiy and yet perfectly reconcilable have been laid before 
the Society. On the one hand, it has been established that a very great majority 
of the skulls of the dolmens are dolichocephalous, contrary to the opinion of 
Retzius. This is true, not only for France but also for Great Britain, and very 
probably even for Sweden, the country of that celebrated naturalist,? for it^wiU 
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be recollected that the 20 eknlls taken by MM. Van Dnben and Retzius, jr., 
from the megalithic sepulchra of Lnttra, in West Gothland, were all dolicho- 
cephalous, with the exception of a single one. On the other hand, however, the 
researches already mentioned of MM. Nicolucci and Pruner-bey establish with 
entire clearness the brachycephalous character of the race which, before the era 
of metals, occnpied Liguria and the coast of Provence. At the era, then, of pol- 
ished stone Europe already bore on its soil at least two distinct races. But those 
times which preceded all our histories, and which seem now so remote from us, 
appear, on the contrary, almost recent when opposed to the incalculable periods 
which palflBontology has revealed to us, and which, terminating with the epoch 
of the reindeer, reascond even to the epoch of the elephant, the rhinoceros, the 
great bear of the caves, and probably still higher, without onr being able to fix 
the limit to which ulterior discoveries shall carry back the origin of human kind. 

During the first years of its existence, the Society of anthropology had occa- 
sion more than once to submit to study the question of the antiquity of man. 
At present, all discussion on this subject would be idle. The existence of the 
fossil-man, of the man of the quartemary period, cotemporary of the great 
pachydermata, is a feet definitively verified by scfence. If some protestations 
are still raised here and there against the evidence, it is not among us that they 
originate. I have made a small collection of works which have been published 
in Fmnce, in the 19th century, against the heresy of the rotation of the earth. 
Can we hope that the discovery of M. Boucher de Perthes should find more favor, 
in certain quarters, than the discovery of Copernicus t Leave we then, as the 
Scripture says, the dead to bury their dead, and let us pursue our work without 
occupying ourselves with the attacks directed against us by men of the past. 

We, too, love the past; but above all we love to study it, and it is not our fault 
if the records of the past extend far beyond the limits which it has been customary 
to assign to them. Our curiosity is no longer content with knowing whether there 
were men on the earth in palaeontological times. It asks what was the social 
state of those men ; what their physical characters ; whether they already con- 
stituted several distinct races ; whether they difiered from those who still later 
learned to polish stone j and, finally, whether the immense period which elapsed 
between the epoch of the mammoth and that of the reindeer, between that of the 
reindeer and that of the dolmens, did not see, like the infinitely shorter periods 
which have succeeded them, the human fauna of quaternary Europe ofttimes 
renewed and revolutionized by great raoviBmonts, migrations, and conquests 
of the populations then existing t These questions of so high an interest are still 
far from a solution. Nevertheless, many important data have been akeady 
obtained, and justify us in presa^g for a future, not far distant, satisfactory 
responses. 

As regards industry, represented chiefly by instruments of wlex, M. de Mor- 
tillet has shown us that it made gradual advances during the ages in question. 
In the lower deposits of the diluvium of Abbeville the axes are lance-shaped, 
and have been cut with rude and heavy blows, forming large fragments. In the 
argillaceous-sandy stratum which covers the diluvium, which is consequently more 
modem, and in which no bones of the mammoth have been discovered, the axes 
are elliptical, much elongated, and were cut with light blows, leaving small fi-ag- 
ments. Finally, in the superficial stratum called the movable or loose forma- 
tion of the slopes, the axes are polished, wedge-like, and similar to those found 
in the dolmens. Were these successive modifications of the same branch of 
industry attributable to gradual improvements or to the amval of new popula- 
tions f The memorable discoveries of M. Lartet, those especially which he has 
made in the caverns of Perigord, Vith the co-operation of our regretted col- 
league, Christy, authorize us to consider the latter supposition as highly probable. 
The inhabitants of Perigord possessed only cut silex ; but they had reached a 
state of civilization and of artistic development altogether surprising. It is hard 
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to conceive hdw men destitute of the use of metals were able to fabricate of 
bone, ivory, the antlers of the reindeer, an infinite variety of very delicate uten- 
sils ; to carve, I had almost said to chisel, elegant forms, and to represent by 
designs engraved in line on the handles of their instraments the figures of differ- 
ent animals. These figures are distinguished by an exactness and artistic skill 
truly remarkable, and to find in an equal de^e the sentiment of art it would 
be necessary to revert, through many centuries, to the better times of Greece. 
They form a contrast so absolute with the rude delineations traced on some Gel- 
tic monuments, that it might be asked whether they have not been designed 
since the historic era, by fugitives who may have sought refuge in the caves of 
our ancient troglodytes. But what other than the man of the quateraary period 
could have designed in Europe, on the bones or horns of the reindeer, the figure 
of a species of elephant which differs fix>m all living species f This race of men, 
so interesting through its civilization, led a peaceable existence. A skull found 
in the grotto of Bruniquel, of which M. Brnn has sent us the photograph, is dis- 
tinguished by the purity of its form, the softness of its outlines, the little 
prominence of the apophyses, the slight depth of the muscular insertions; 
characters incompatible with the violent habits of a savage%)r barbarous race. 

What, then, became of this indigenous civilization, so original, so different from 
all those which are known to ust Was it modified by slow degrees and trans- 
formed to the extent of becoming at last wholly unrecognizable f No; it has 
disappeared in the mass without leaving any trace, and everything tends to the 
belief that it perished by force. After it, without transition, we find only the 
impress of a powerful race, religious and warlike, furnished with improved 
arms and familiar with the polishmg of silex, but otherwise little addicted to 
industry and altogeth.er alien to the notion of art. There are here all the indi- 
cations of a brutal and successful invasion. The troglodytes of the age of stone, 
who had learned to conquer the soil and to destroy the last remains of the great 
mammals of the quaternary fauna, knew not how to defend themselves against 
the iiTuption of the barbarians, and an intermediate prehistoric age was inter- 
polated as successor to the bright epoch of a premature civilization, whose origin 
18 thus far wholly unknown. 

These men of the age of the reindeer, so much advanced in oertiun respects 
were probably the descendants, but the softened and cultivated descendants, 
of the rude savages of the epoch of the diluvium. Oftener than once, in the soil 
of the same caverns, the lower strata are found to have enclosed the remains of the 
rhinoceros and the niamfnoth, while the superficial layers contained only the relics 
of the reindeer. The industry of which silex constituted the material had, from the 
first to the second epoch, been a little modified, but not transformed; and if a more 
regular cutting, wi th small fragments, had replaced the more rudimentary ezecutioa 
of earlier days, it was still by pure and simple percussion, without any process of 
abrasion, that the silex was elaborated. These changes moreover scarcely appear 
except in the fabrication of the axes; the knives continued to present a remark- 
able uniformity. It is probable, in fact, that the art of design was already known 
to the cotemporaries of the Ursus speksus. This would appear at least to result 
from the curious figure which that indefatigable explorer of the caverns of the 
Pyrenees, M. Garrigou, has discovered on a silicious stone, taken by him from a 
grotto containing fossil bones. This figure represents a bear which, in the length 
of the spinal apophyses of its neck, resembles more the bear of the caves than 
any other species of the same animal. If the interpretation of M. Garrigou be 
confirmed, it will be interesting to have thus found the origin of the art of design 
among a race, susceptible, no doubt, of improvement, but which, at the epoch in 
question, was half-savage, and which perhaps was still committed to the prac- 
tice of anthropophagism. M. Garrigou, in effect, and M. Roujou after him, 
have exhibited to the society several human bones on which are seen the traces 
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of methodical percnsdons designed to open the medoUary canal and permit tlie 
extraction of the marrow. 

Thus we have arrived at the most ancient known epoch in the life of mankind. 
What were at that time the physical characters of man! The bones of the mem- 
bers which have been fonnd prove that the statnre waa of little height ; and 
though the skulls or remains of skulls are still quite rare, it may be considered • 
as very nearly demonstrated that our predecessors of the quaternary had the 
head small, with retreating forehead, and oblique jaws. But a graver and more 
critical question here presents itself. Our young, but already distinguished col- 
league, M. Dupont, in the excavations which he has conducted during several years 
for the Belgic government on the banks of the Mouse, between Liege and Namur, 
discovered, seveml months ago, among the bones of the rhinoceros and mam- 
moth which occupy the lower stratum of the cavern of Naulette, a strange jaw, the 
zoological characters of which might at first seem to be equivocal. From its general 
form this skull appeared human, and was so in effect; but in the details of its con- 
formation, its excessive thickness, the total absence of the prominence of the chin, 
finally and chiefly, in the character of the dentition, which is a character of the first 
order, it deviated considerably from the human type, while approximating to that 
of the anthropomorphous apes. Analogous traits, though less decided, had been 
already recognized in the jaw extracted by the Marquis de Vibraye from the 
cavern of Arcy-sur-Aube, the authenticity of which is not now to be questioned. 
In order to find in our actual humanity some of these characters, and even then 
much mitigated, it is necessary to descend to the lowest types of Australia and New 
Caledonia. The latter, it would follow, form not, as had till now been supposed, 
the lltst, or if you like, the first term of the human series. The quaternary man 
takes his place below them, and thus diminishes the interval which separates 
man from his zoological neighbors. But what is the signification, the import, of 
this fact? Must we recognize in this a proof of the transformation of species, or 
only a proof of the serial distribution of organic forms, of which the Darwinian 
theory is but a hypothetic explanation t 

This doubt still subsists, notwithstanding the discussions to which so grave a 
subject could not fail to give rise. If it were demonstrated that the type of the 
man of Nauletto, by successive and secular modifications, had been gradually 
improved so as t6 be elevated to our own, it cannot be dissembled that this would 
afford for the Darwinists a very potent argument. But do we know in what 
manner the quaternary races have made place for those of following ages t What 
is there to prove that the succession of types has not been the consequence 
of a substitution of races ? Do we not now see, at many points of America and 
Oceanica, this substitution going on ; the races of Europe taking the place of the 
indigenous races f Let us avow, then, that as yet the facts we possess are too 
few to solve this vast problem of the origin of the human kind, and Jet us wait 
till new discoveries bring us more numenms and decisive indications. The truth, 
whatever it may be, need not disquiet or humiliate us. Whether man has 
received his royalty as a congenital appanage, or valiantly conquered it after a 
long series of evolutions and struggles, does he not always remain master of the 
eailh? He who knows how to manage as a docile instrument the blind forces 
of nature, who makes of electricity his messenger, who weighs the planets, and 
analyzes by photochemistry even the substance of the sun — will it be for him to 
blush at any revelation respecting an origin buried in the immeasurable depths 
of the past! No ; the discussion in this Society, so complete, so conscientious, 
80 learned on the doctrine of the human kingdom, sustained with so much ability 
by MM. Pruner-bey and de Quarterfa^es, sufficed to show that man, to maintain 
his rank in nature, has no need of undervaluing or degrading the beings which 
surround him. All the speakers, without exception, recognized the intelligenoe 
of animals, and discenied in them the germ of intellectual faculties, of senti- 
ments and passions, which have acquired their full development, their full expan- 
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fiion, only within the circle of human society. If MM. Alix, Rochet, Voisin, 
signalized, under different points of view, the superiority, uncontested as 
it is, of man, MM. Sanson, Letoumeau, Simonot, Roujou, Ganssin, and others 
pleaded, with not less conviction, the cause of animals. The disputation, it is 
true, turned only on a single character, on that which henceforth will serve exclu- 
sively as a basis for the conception of the human kingdom, on the religious sen- 
timent. It imported first of all to know whether this sentiment necessarily 
exists among all the tribes of men ;. whether it is spfficiently universal to serve 
as the characteristic of humanity. While MM. Quatrefa^es, Pruner-bey, Mar- 
tin de Moussy, have no doubt of this, the opposite thesis was sustained by MM. 
Prat, Letoumeau, Dally, Coudereau, and Lagneau. Let us not be surprised at 
these divergencies of opinion, inseparable from a subject which connects itself 
with all the most arduous questions of psychology. But let us recall with satis- 
faction thlt in this interesting debate, in which everything was in play that might 
rouse the feelings, and opinions the most contradictory found the utmost freedom 
of expression, no germ of discord was allowed to take root. Every one proved 
himself capable of respecting the convictions of his neighbor, and urbanity of 
language, the consequence of reciprocal esteem, constantly sustained the discus- 
sion at the level of the serene heights of science. 

I am very far from having finished, and yet it is necessary that I should 
stop. Time would fail me to complete the analysis of the labors which 
have so fully occupied our sessions. I have been obliged to pass in silence 
many interesting facts, many important discussions. But if I have not been 
able to accomplish all my task, let the blame fall where it is due ; by the 
aggrandizement of the field of research, by the multiplicity of their produc- 
tions, my colleagues of the society have themselves rendered it impossible to 
condense in a few pages the results which have been accomplished. Thanks 
to their persevering efforts, the impulsion given to anthropological studies 
increases fi-om dav to day ; the movement of our science becomes generalized, 
and is propagated in all parts of the world. It sufiices to cast a glance on the 
first steps of the society to recognize with just satisfaction the extent of the 
route which has been traversed in less than eight years. What has been done in 
so short a apace of time is a sure guarantee of what will be effected in the 
future. 
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BY CHARLES RAU. 



Some archaeologists, among them Sir John Lubbock, incline to th^ opinion 
that the perforatea stone axes and liammers which have been found in Europe 
are to be referred to the beffinning of the bronze period. Many of those imple- 
ments doubtless belong to the age of bronze ; they have frequently been discov- 
ered in connection with bronze articles in ancient graves, and it is, moreover, 
well known that the manufacture and use of stone weapons and implements were 
everywhere continued for a long time after the introduction of bronze. These 
&cts, however, furnish no evidence for ascribing pierced stone implements gene- 
rally to the period in which the use of bronze was already known j in many cases, 
on the contrary, it may be inferred from the nature of their finding-places, as well 
as from the character of their perforations, that they belong to the stone age 
proper. In the illustrated catalogue of the collection in the Copenhagen museum, 
edited by Mr. J. J. A. Worsaae,* there are eleven representations of pierced 
stone implements attributed to the age of stone, and the foremost objects, 
figured to illustrate the bronze pei-iod, consist of seven perforated stone axes, 
distinguished by elegant shape and superior workmanship. Though I am not 
acquainted with the particular circumstances of the discovery of these implements, 
I have not the least doubt that the learned editor of the catalogue, in referring 
them respectively to the ages of stone and bronze, based his classification on 
tenable grounds. 

A number of those lacustrian pile- works, which pertain exclusively to the stone 
age, have yielded stone axes and hammers, as, for instance, the station of Nuss- 
dorf, on the Lake of Ueberlingen, (an aim of the Lake of Constance) where no less 
than fifty have been found. Mr. Desor, on whom I rely for these facts, also mentions 
that in another lacustrian station of the stone age the ailicles in question are con- 
fined to the upper part of the " archaeological stratum," that is, the stratum which 
conuuns relics of art. Pierced implements, therefore, would seem to belong, in 
those localities at least, to a later epoch of the stone age, and thus to mark a 
phase of progress in the gradual development of human skill during that period.t 

After a careful examination aijd vA-mparison of the shaft-holes of European 
stone implements, I have anived at the conclusion that two different methods, 
or, at least, two differently shaped drills were employed in making them. The 
more perfect perforations are of equal width, smooth and shining, and exhibit at 
certain distances circular striae or furrows, which have the appearance of a suc- 
cession of parallel rings. These perforations, I think, have been drilled with a 
hollow cylinder, perhaps a bronze tube, and I believe that the implements pierced 
in the manner described were mostly manufactured during the age of bronze. 
They are, moreover, very often remarkable for elegance of outline and high 
finish, indicating a state of art superior to that which is generally supposed to 
have existed in Europe during the period of stone. In other specimens the 

* Worsaoe, Nordiske Oldsager i deL Kongel^e Museum i Kjdbenbavo, 1859. 
t Deaor, Palafittes, or Lacustrian Coostructions of the Lake of Neacb&tel ; Smithsonian 
Eeport for 1865, p. 359, (note.) 

Digitized by VjOOQIC 



DBILLINO IN STONE WITHOUT METAL. 



393 



Mj.l 



shaft-boles are likewise more or less smooth, bat destitute of the annular striae, 
and sometimes narrower in the middle, in which cases, of course, a circular pro- 
tuberance of corresponding size is formed. (Fig. 1 . ) 
These holes evidently were drilled from two sides, 
and the drilling implement was not a hollow cylin- 
der, but a solid body, probably a wooden stick. 
Most of the axes and hammers provided with shaft- 
holes of this character are perhaps relics of the a^e 
of stone. It is hardly necessary to state that with- 
out the application of water and hard sand, drilling 
with either implement, hollow or solid, would have 
been impossible, and that the sand is to be considered as the chief agent in the 





I had occasion to examine a number of European stone hatchets and hammers, 
which were in an unfinished state, the shaft-holes being only commenced or 
drilled half through, and the appearance of the latter perfectly corroborated my 
view concerning the different shapes of the drills used in making them ; for some 
of these unfinished holes, and just such as belong to the striated class, have at 
the bottom a conical projection or a core, (Fig. 2,) which obviously resulted from 

the application of a hollow 
drilling implement ] while 
others (Fig. 3) terminate 
in a rounded concave bot- 
tom, resembling exactly the 
cavity made by a w^ooden 
stick used as a drill.* I 
would not express this lat- 
ter opinion so positively, if I could not rely on the results of experiments, having, 
in fact, succeeded in perforating a hard stone without any use of metal by means 
of a sticl, in connection with sand and water. An account of the method 
employed by me, and of the results, I hope will be of interest to those arcliiB- 
oloeists who pay some attention to the minor details of their study. 

In the first place, I will give a description of my drilling implement, .(Fig. 4,) 
which is, in fact, a pump-drill, the same apparatus that was used in former times by 
the Iroquois for the puipose of producing fire by'friction.t It consists of a round 
wooden shaft, about four feet long and an inch in diameter at the upper end, 
but tapering a little towards the lower extremity, where it is provided with a 
heavy wooden disk, which acts as a fly-wheel. A bow or bent stick, three feet 
in length, with a long string attached to it, forms the second part of the apparatus. 
When used the string of the bow is passed through a notch cut in the top end of 

* It afforded me some satisfaction to find my views confirmed, to a certain ezteDt, in a 
work of Dr. Gastav Klemm. This author first alludes to Gutsmuths, who published an article 
in the " Morgenblatt," (1832, No. 253,) in which he tried to prove that a hollow cylinder of 
metal, used with emeiy in the manner of todthless stone saws, was the drilling implement of 
the ancients, basing his opinion upon the same facts which 1 already have stated, namely, 
the regularity of the holes, the core at their bottom, and the circular furrows. Klemm him- 
self possessed in his collection a hollow bronze tube, five inches long, three-quarters of an inch 
in diameter, and covered all over with green rust, theaeric^o nobilis of antiquaries. With 
such implements, he thought, the shaft-holes had generally been drilled, '* but continued obser- 
vation,'" he says, *^ convinced mo that other methods also must have been employed. A 
stone axe of my collection, bored from two sides, exhibits conical cavities, the shape of which 
at once excludes the idea that a hollow cylinder was used in drilling them ; the implement 
with which they were made, probably in a slow and painful way, evidently was a solid 
body.^' {Klemm, AUgemeine Culturwissenschaft, Werkzeuge und Waffen, Leipzig, 1854, ;y. 79.) 

iMorg||p, League of the Iroquois, Rochester, 1851, description and figure on pap;e 381. 
Mr. Tylor gives likewise, on page 245 of his valuable ** Researches into the Early History 
of Mankind,*' (London, 1865,) a drawing of the apparatus, but represents it as being moved 
with one liand only. In order to maintain the equilibrium of the shaft, it is necessary to 
apply both hands to the bow. ^-^ , 
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the stick and coiled aroand tBe stick, as indicated in the drawing. The bow is 
then seized with both hands and pressed downwards with a violent jerk* This 
motion uncoils the string and revolves 
the shaft towards the left, bnt by the 
action of the fly-wheel the string is 
coiled again around the shaft in a re- 
verse manner, and the bow drawn up 
again. A second jerk at the bow causes 
the shaft to revolve towards the right, 
and by continuing this manipulation it 
is alternately swung around in opposite 
directions. The operator has it alto- 
gether in his power to work the appa- 
ratus slowly or rapidly, and, of course, 
with corresponding effect; but it re- 
quires some practice to use it in the 
proper manner. 

The stone selected by me for the ex- 
periment is a flat, oval piece of dioiite, 
of great hardness, not quite seven inches 
long, about five inches wide, and in the 
middle part one inch and three-eighths 
(a little over 3.6 centimeters) thick. I 
chose purposely that kind of stone, be- 
cause it is the same of which the ancient 
inhabitants of Europe very often made 
their pierced implements. It is both 
hard and tough. These qualities were 
likewise appreciated by the North American aborigines, who used dio|pte erton- 
sively as the material for their tomahawks, large chisels, and pestles. The stone on 
which I operated is so hard that the point of a well-tempered penknife produces no 
scratch on its surface, but merely a metallic streak. The material used in drilling 
was a sharp quartz sand of middle grain, such as is employed in marble-yards ; for a 
short time I also tried emery, but finding that it was not more effectual than sand, I 
continued to apply the latter. In order to render a beginning of the perforation pos- 
sible, I tied a small square piece of board in which I had cut a roxmd hole, conrespond- 
ing to the lower diameter of the drilling-stick, with a string to the stone, just above 
the place where the bore was to be commenced. Without this contrivance, which 
I had to retain during the whole drilling process, the stick would constantly have 
slipped out of the hole. After these preparations I could beg^n the work, which 
was not very fatiguing, but tedious beyond description, taxing, in fact, my patience 
to the utmost degree. I never could end 10*0 the work for more than two hours 
in succession, and sometimes I laid the stone aside for weeks and months, until 
I had mustered soflicient energy to resume the labor. Thus it took two years 
before I succeeded in piercing the stone. I cannot exactly state how many 
hours I devoted to the work, but by measurement I obtained the result that two 
hours of constant drilling added, on an average, not more than the thickness of 
an ordinary lead-pencil line to the depth of the hole. The work would have 
advanced with incomparably greater speed, if I had selected a softer stone, ser- 
pentine, for instance, instead of the hard diorite 5 it was, however, my object to 
try the experiment on a hard mineral substance. Every five or six minutes the 
bore had to be cleaned by immersing the stone in water, the sand being by that 
time perfectly ground, and forming, in connection with the water and the parti- 
cles of wood rubbed from the stick, a sort of paste, which was no longer ser- 
viceable for drilling. The quantity of sand introduced after every cleaning was 
about equal to the contents of a teaspoon. The shortening of the drilling-stick, 
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in consequence of wear, was considerable, and I bad to replace it several tiroes. 
The first was of tongb asb wood ; tbe others^ wbicb consisted of pine wood/ 
proved to be just as efficient. 

In tbe beginning of tbe work tbere appeared at tbe place of perforation a 
smootb, roand spot. Becoming gradually larger, it formed a sballow basin, wbicb 
finally, wben tbe stone was drilled balf tbrougb, assumed tbe appearance of a 
jT conical or funnel-sbaped cavity. Tbe deeper tbe drill penetrated into tbe stone 
^ tbe more difficult tbe work became, wbicb induced me, after baving drilled 
tbrougb balf tbe tbickness of tbe stone, to begin anotber bore at tbe opposite 
side. In due time it met tbe first exactly in tbe middle. It was originally my 
intention to drill a bole of about tbree-quarters of an incb in diameter, but I bad 
not made sufficient allowance for tbe lateral friction of tbe sand, and bence it 
happened tbat tbe two conical cavities forming tbe perforation acquired, mncb 
against my wisb, ^eater proportions tban I expected, measuring, in fact, an incb 
and a quarter in tbeir widest diameters. Tbey would bave become narrower 
as well as more cylindricql, if I bad used a drill balf as tbick as tbat wbicb served 
in tbe operation ; but wben I made tbis discovery tbe work was already too far 

advanced to be' commenced again. Fig. 5 
sbows tbe present shape of the perforation. 
It is round and smooth, without exhibiting 
those circular furrows, which I have already 
ascribed to the action of a hoUow drill. In 
order to complete, tbe task in its fullest 
extent by producing a perfectly cylindri- 
cal hole, it would be necessary to remove, 
by continued drilling, tbe projecting rim between tbe dotted lines ; a labor probably 
requiring as much tnne as that hitherto consumed. I cannot say whether I shall 
have sufficient leisure and patience to perform it ; for tbe present I am satisfied 
with the fact of having, perhaps, practically illustrated one of tbe methods of 
drilling employed during tbe age of stone. Of course, it would be rashness on my 
part to assert that the apparatus used by mo bad also served as. a drilling imple- 
ment in ancient Europe ; yet the^ possibility cannot be denied, for just as tbe 
Iroquois invented it for producing fire, the ancient nations of Europe may bave 
constructed it for anotber purpose. Mr. Desor thinks it probable that the drill- 
ing was effected by means of very thin flakes of flint fixed around a stick, which 
was made to' turn in such a way as to separate a portion of the stone, which, 
when the perforation was accomplished, would fall to the ground.* A drilling- 
stick of this description really may have served for per- 
forating soft stones, but could not be successfully applied 
rX .^'^'^^ ^^ ^ materials. I operated myself with such a diill 
^Kfi^^' 'iH ^^ diorite, and found tbe flint flakes invariably break off 
after tbe first revolutions. Yet, whatever may have been 
^^, jg the means employed in drilling stone in tbe pre-blstorio 

i j^F , J ftg^8 of Europe, it is certain that the carefully fashioned 
Y ^W m ajj(| pierced implements must bave possessed a very high 

\ J value in the eyes of their manufacturers. Some indication 

of this fact is offered by the occurrence of the edged halves 
of axes broken across the shaft-bole, which bad been ren- 
dered serviceable again by a second perforation. A speci- 
men of this kind, of which the annexed reduced sketch 
{Fig. 6) presents the upper view, is preserved in the Pea- 
body Museum at Cambridge, Massachusetts. It was found 
in northern Germany. The shaft-hole, which has been left in an unfinished 
state, evidently wn^ formed by a sobd drill. The material of this relic is 
variety of greenstone. ^ , 
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In North America the grooved tomahawk was, anterior to the occapation by 
EnropeanB, the prevailing implement of the axe-shape ;* but pierced articles of 
this class also have beei;i found, though not very frequently. Several are 
figured on page 218 of the "Ancient Monuments of the Mississippi Valley," by 
Squier and Davis. The material of most of those which I have seen is a rather 
soft stone of a greenish^ color, with darker veins or spots, capable of a fine polish. 
These perforated axes are mostly small, but veiy symmetrically shaped and highly 
finished. They were most probably worn on handles as badges of distinction by the 
superiors,! a supposition which gains strength from the fact that their material ren- 
ders them unfit for real use. I know by experience that they occur from the Missis- 
sippi to the Atlantic coast. The peculiar stone of which they consist was also nsed 
for other objects, (the so-called gorgets, amulets, &c.,) and may have been an article 
of trade. The shaft-holes of these hatchet-like implements are exceedingly regular, 
and the annular strite can often plainly be distinguished. They were doubtless 
produced by means of hollow drills, as will be seen hereafter. In addition to 
the perforated Indian axes just mentioned, there occur others, which are remarkable 
for being only pierced to a certain depth. It is tnie, I have not seen these latter 
very frequently, but in sufficient number to become convinced that the shaft- 
holes were purposely left in an unfinished condition. Their material is not the 
soft stone already referred to, but a harder substance, usually some kind of ffieen- 
stone. They always present pretty much the same shape. The annexea half- 
size sketch (Fig. 7, upper and side view) shows the outline of one of these imple- 

Fig.7. 




ments, which was found in western Massachusetts, and is now in the possession 
of Dr. Davis, of New York. The core at the bottom of the shaft-hole, which 
is indicated by dots, affords an indubitable proof that a hollow drill was employed. 
To render this implement serviceable for use, or even for show, a handle was 
driven as far as possible into the shaft-hole, and probably more firmly bound to 

•Some ethnological writers, McCulloh and Schoolcraft, for iostance, cx)n8ider theso 
stone axes as tools, and not as weapons ; whereas it is most probable that they served both 
purposes, as occasion required. Men who were confined to the use of stone implements 
cannot be expected to have been very choice in their applications. A stone tomahawk, 
firmly attached to a withe, presented a very efficient battle- axe. Mr. Catlin gives, on plato 1 14 
(vol.2 ) of his well-known work, the portiait of MensSnsemh (the Left Hand,) aPiankeshaw 
warrior, whom he represents with a helved stone tomahawk in his hand. Would this brave 
have allowed the artist to paint him thus accoutred, if he had not regarded his stone axe as 
a weapon ? An Indian warrior, in his contempt for labor, certainly spurns the idea of being 
portrayed with a tool in his hand. 

t Many of the perforated implements of Eorope are supposed to have been destined for the 
same purpoee. ^^ ^ 
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the blade by ligatures. The depressions of the axe above and below the shaft- 
hole (observable in the side view) seem to have been destined for the reception 
of the fastening. 

Yet, the manufactures of stone which evince the greatest skill of the former 
inhabitants of North America are by no means their pierced axes, but those 
remarkable pipes, often made of the hardest stones, that have been found in the 
so-calied sacrificial mounds of the western States, but more especially in Ohio. 
These " mound pipes'' usually represent bowl and tube in one piece, thus differing 
from the modem Indian pipe, which consists of a bowl and a long wooden stem, 
and bears a distant resemblance to the chibouc of the Turks. A ffreat number 
of pipes of the above-mentioned antique shape were disentombed by Messrs. 
Squier and Davis during their survey of the ancient earth-works in the Missis- 
sippi valley, and are described and figured in their work already quoted by me, 
which forms the first volume of " Smithsonian Contributions to Knowledge."* 
The accompanying cut (Fig. 8) presents the outline of the mound-pipe in its 

simple or primitive form. 
S. The drawing is about half 

the size of the original, 
"which was exhumed with 
many similar articles from 
a mound near Ghillicothe, 
Ohio, and belonged fonn- 
erly to the collection of Dr. 
Davis. It will be seen that 
the bowl rises from the mid- 
dle of a flat and somewhat 
curved base, one side of 
which communicates by 
Kieans of a narrow perforation, one-sixth of an inch (about four millimeters) in 
[Tameter, with the hollow of the bowl, and represents the tube, or rather the 
mouth-piece of the pipe, while theptherunperforated end forms the handle by which 
the smokef held the implement andapproached it to his mouth. Bowl and base are 
ornamented with small cup-shaped holes. This pipe consists of hard porphyry, and 
is wrought from a single piece, like all others of similar character. * I have 
already stated that it may be considered as the simple or typical form of this 
class of implements. In the more elaborate specimens the bowl is formed in 
some instances in imitation of the human head, but generally of the body of an 
animal ; and in the latter cases the peculiar characteristics of the speoies which 
have served as models, comprising mammals, birds, and amphibia, are frequently 
expressed with surprising fidelity ; a modem artist, indeed, notwitbstanding his 
far superior instruments, would find no little difficulty in reproducing the more 
finished of these objects, especially when carving them from porphyry, which 
was the kind of stone chiefly employed by the manufacturers. It must be borne 
in mind that the real use of metal was unknown to the ancient populations of 
North America. Implements and ornaments of copper, it is true, have been dis-' 
covered, to a limited extent, in the mounds of the western States, and elsewhere, 
but the copper thus employed has not been obtained by the reduction from its 
ores; on the contrary, it is evident that the aborigines fashioned those articles 
from pieces of native copper, which they brought into the required shape by the 
simple process of hammering. They obtained the copper from the southern shore 
of Lake Superior, where extensive traces of their rude mining operations are still 

* The ori^nals are now in the Blackmore Mtueam, at Salisborj, England, an institution 
of recent ori^n, to which Dr. Davis sold his excellent collection of Indian relics, mostly 
obtained danng the sarvejr to which I have alluded. Before the sale took place, I bad con- 
stantly occasion to see the collection, and thus became familiar with the characterof the speci- 
mens. ^^-> T 
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to be seen * This hammered native oopper is so soft that it can easily be out 
with a knife, and therefore cannot have famished, the implements for working 
those hard mineral substances, which, indeed, successfally resist well-tempered 
steel. As a consequence, it mnst be presumed that the manufacturers of the pipes 
performed their work in the most tedious and painful manner, by rubbing the 
stone and grinding it with sharp sand and water, although this method leaves 
many details in the execution of their productions unexplained. In viewing, for 
example, their figures of birds, it is d^cult to comprehend how they succeeded 
in representing the feathers, which are indicated by steady and boldly cut lines, 
straight and curved, in close imitation of nature, t The perforations and hollows 
of the mound-pipes are drilled with perfect accuracy, showing at once that the 
implement which produced them was not merely turned between the hands, but 
moved by an apparatus which coincided, in all probability, with the bow-drill 
still used by watchmakers and other artisans. The latter, it is well known, con- 
sists of a straight drill, which passes through the centre of a disk grooved at the 
periphery and revolves around two fixed points, one of them beipg formed by 
the bore. Motion is imparted by means of a bow, the string of which encircles 
the disk. It certainly would appear hasty to attribute to the aborigines of North 
America a knowledge of this implement, if it were not for the circumstance that 
there occur among the relics of the former population rings of stone and l)one 
which are almost identical with the disks just mentioned, and most probably 
have served the same purpose. In fact, it is almost impossible to assign them 
any other destination. These rings are of various sizes, but similar in shape, 
being deeply grooved upon the outer edge, and pierced by eight equidistant 
small holes radiating from the centre. | Fig. 9 is a full-sized drawing of one 
which was discovered in a mound on 7? ' 

the north fork of Paint creek, about J^ ^'^' «^ 

six miles distant from Ghillicothe, 
Ohio. The sketch, however, repre- 
sents the* object as perfect, whereas 
the original, formerly belonging to 
Dr. Davis, constitutes oiily one-half 
of the ring, which conmsts of a dark 
stone of medium hardness. The 
character of the rings encourages me 
to attempt the restoration of the an- 

* Only the inhabitaaCs of Mexico, and soma countries in the southern portion of the Ameri- 
can continent, understood the manufacture of bronze. It will hardly be necessary to add 
that iron was altogether unknown to the natives of America until Europeans taught them 
its use. 

t The amount of labor bestowed upon the manufacture of these specimens must have been 
enormous, considering the time it is said to have required for fashioning articles of a much 
simpler character. According to Lafitau a North American Indian sometimes spent his life- 
time in making a stone tomanawk, yet without entirely fininhing it Lafitau^ Miaun des 
Sauvaffes AmSri^uains, Paris, 1724, vol. 2, v, 110. 

*' Mr. Wallace has found that plain cylinders of imperfect rock crystal, four to eight inches 
long, and one inch in diameter, are made and perforated by very low tribes on the Rio NecTo. 
They are not, as Humboldt seems to have supposed, the result of high mechanical skill, jbut 
merely of the most simple and savage processes, carried on with that utter dlRregard of time 
that lets the Indian spend a month in making an arrow. They are merely ground down into 
shape by rubbing, and the perforating of the c;^linders, crosswise, or even lengthwise, is said 
to be done thus : A pointed flexible leaf-shoot of wild plantain is twirled with the hands agtunst 
the hard stone, till, with the aid of fine sand and water, it bores into and through it, and this 
is said to take years t^ do. Such cylinders as the chiefs wear are said sometimes to take two 
men's lives to perforate. The stone is brought from a great distance up the river, and is very 
highly valued. —Tyior, ReseareheSt frc, p. 187. 

I Ancient Monuments of the Mississippi Valley, p. 324. 
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dent Indian bow-drill, which may have presented the shape indicated by Fi^. 10. 

The ring, it seems, endrdod a massive 
drill-holder, to which it was fastened by 
pegs driven through the holes on its 
periphery. Their purpose is thus fully 
explained. 

May not an apparatus of similar con- 
struction also have been known in 
Europe during the bronze age, and even 
at an earlier period t In using the pump- 
drill, described and figured by me, con- 
stant oscillations of 2ie shaft, tending 
to enlarge the bore, cannot be avoided 5 
but they are altogether obviated when, 
as in Fig. 10, the upper end of the shaft or driU-holder revolves around a fixed 
point. And further, may not in. Europe as well as in America the latter more 
perfect apparatus have superseded, in the course of time, the simpler contrivance 
with which I have experimented f This view will not appear strange, considering 
that man in all parts of the globe progressed slowly, and that every new develop- 
ment of ingenuity was based upon the results of former experience. 

The greater number of drilled Indian implements which I had occasion to 
examine bore the unmistakable marks of having been perforated with hollow 
drills ; yet I have also seen Indian performances in drilling indicatinfif the appli- 
cation of solid implements. As an illustration I annex (Fig. 11, full size) the 
drawing of a pipe consisting of almost transparent rock 
crystal, which was taken from a mound near Bain- 
bridge, Ross county, Ohio, and is now the property of 
Dr. Davis. Its shape, it will be observed, is that of a 
barrel somewhat narrowing at the bottom ; it is regu- 
larly formed and highly polished. I left the drawing 
purposely without shading in order to indicate the two 
hollows, of which the upper one served as the recepta- 
cle for the smoking material, while that which meets 
it from the side was destined for the insertion of a stem. 
The terminations of the hollows are rounded, and con- 
sequently have been drilled with a solid implement. 

It is very likely that the hollow drills of the abori- 
gines of North America were pieces of that hard and 
tough cane (Arundinaria macrosperma, Michaux,^ 
which grows abundantlv in the southern part of the 
United States, mostly along the banks of large rivers, 
and forms at present an article of trade, being used for pipe-stems and fishing- 
rods. This cane varies considerably in thickness ; sometimes as thin as a straw, 
it assumes, when fully grown, the diametral proportions of a strong rifle-barrel, 
and even of larger cylindrical objects, in which cases it reaches the enormous 
height of 25 or 30 feet. A piece of this cane, from which the knotty joints have 
been cut, forms a regular hollow cylinder sufliciently strong to serve as a drill. 
I learned from Dr. Davis that many yeai^s ago a stone pipe with an unfinished 
hollow, partly filled with vegetable matter, was sent from Mississippi to the late 
Dr. Samuel G. Morton, of Philadelphia. When subjected to a microscopical 
examination the vegetable substance exhibited the fibrous structure of cane, and 
thus appeared to be the remnant of a drill broken off in the bore. It is, how- 
ever, my intention to try the applicability of this cane by drilling experitnents. 
In conclusion, I will observe that the more finished stone articles of the former 
inhabitants of North America^ and especially the pipes from the mounds, are 
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perhaps the best specimens of art left by any people to whom the use of metal 
was unknown, and that in examining the archsological collections of Europe, 
I have seen no objects produced under similar circumstances which display an 
equal degree of skill in the art of fashioning stone. 




Ancient Stone Axes from North Germanj, 
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In an article published in the Smithsonian report for 1863 1 gave, for the first 
time; an account and drawings of certdn North Amerioan flint implements of 
large size and superior workmanship, which were evi- 
dently used by the aborigines for cultivating the soil 
and other dig^ng purposes; and hence, according to 
their shape, cuissified by me as shavds and hoes. The 
annexed figures represent both kinds of implements. 
I described the shovels (Fig. 1) as oval plates of flint, 
flat on one side and slightly convex on the other, the 
outline l^eing chipped into a sharp edge. The speci- 
men here fibred measures above a foot in length, a 
little more than ^ve inches in its greatest breadth, and 
is about three-quarters of an inch tliiok in the middle. 
Others ai-e narrower and not quite as heavy. The 
shape of the hoes is illustrated by Fig. 2. This speci- 
men is seven and a half 
inches long, nearly six 
inches wide, and about 
half an inch thick in 
the middle. The roun- 
ded part forms a sharp 
edge. The material 
of which these imple- 
ments ai-e nuule is a 
peculiar kind of bluish, 
gray or brownish flint, ! 
of slightly conchoidal ^ 
firaoture, and capable 
of splitting into large flat fragments. I never 
succeeded m discovering this stone in situ. The 
agricultural implements of my collection were all 
found in St. Glair county in southern Illinois, ' 
with the exception of one shovel, which was dug up in 18G1 in St. Louis, during 
the construction of ear thworks for the protection of the city. Both shovels ana 
hoee were, doubtless, attached to hanoles, those of the latter probably forming 
a right, or even an acute angle with the stone blade, which is always providea 
with two notches in the upper part to facilitate the fastening.* 

* I quoted a passage from Du Pratz^ which is, perhaps, referable to tfie hoes. According 
to this aothor, the natives of Louisiana had invented a hoe, (pkxshe) with the aid of which 
thej prepared Um soil for the calture of maise. *' These hoes," he sajs, " are shaped like a 
capital L ; they out wiUi the edge of the lower part, which is entirely flat."— If ts<aire tU U 
Lomisiane, Pons, 1758. Vol. II, p. 176. 

Plate XXI, in vol. 11 of De Bry, (Frankfort, 1591,) represents Florida Indians of both 
sexes enpfaged in field labor, the men using the hoe and the women sowing. The Latin text 
^br Le Mojrne) accompanying the engraying states that the hoes are made of fish-bone, 
{hgones e jnsekim o$9iku$) and provided with wooden hoodies. The Women sow beans and 
maize — **femiiUE faba$ 8f milium iive Jkfajfztim scnmf." 
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Some of the shovels, like the specimen of which a drawing is givoi, 1 
a foot and more in length, and consequently are among the largest flint tools 
thus far discovered in any part of the world. Neither the rode hatchet-like and 
lanceolate implements fonnd in the '^ drift ^ of France and England, aseodated 
with the osseous remains of the mammoth, the rhinoceros, and otner animals of a 
bygone fanna, equal them in size ] nor have, to my knowledge, the oaves of the 
reindeer period in southern France and Belgium, once the resorts of savage hunt- 
ing tribes, yielded any chipped flint articles of the same dimensions. Indeed, 
they are rivaled, sa I thiiJc, only by the large flint celts of Scandinavia and 
noilhem Germany, which belong to a more advanced stage of the European 
stone age. 

That the North American flint tools described by me were really used for dip*- 
ging can hardly be doubted. ^' If the shape of these implements,'' I stated m 
mv account, ^' did not indicate their original use, the peculiar traces of wear 
which they exhibit would furnish almost conclusive evidence of the manner in 
which they have been employed; for that part with which the digging was done 
appears, notwithstanding the hardness of the material, perfectfy smooth, as if 
eiazed, and slightly striated in the direction in which the implement penetrated 
ttie ground.'' I further mentioned that this peculiar feature is common to all 
specimens of my collection as well as to the few which I have seen in the hands 
of others; and that they seem to be rather 6cait», and merely confined to oertain 
States bordering on the Mississippi river. 

I was, therefore, much interested in the recent discoveiy of a large deposit of 
such implements at East St Louis, (formerly lUinoistuwn,) in St Glair county, 
Illinois, a place situated directly opposite the city of St Louis, in the so-called 
'^ American Bottom," which forms a fertile plain extending for a considerable 
distance along the Mississippi shore in Illinois. This region, I must state, is 
very rich in Indian remains of various descriptions,* but pcuticularly interesting 
on account of numerous artificial mounts, among which the celebrated truncated 
pyramid called Cabokia Mound, or Monk's Mound, is bv fiir the most conspicaouS| 
reminding the beholder of those gigantic structures in the valley of the Nileb 
which the rulers of Egypt have left to posterity as tokens oftheir power and their 
pride. 

The particulars of the disooveiy to which I alluded were communicated to me by 
Dr. John J. R. Patrick, of Belleville, Illinois, a gentleman to whom I am greatly 
indebted for long-continued co-operation in my pursuits relative to the subject of 
American antiquities. As soon as Dr. Patrick heard of the discovery he hastened 
to East St Louis, for the purpose of ascertaining on the spot all details concern- 
ing the occurrence of those mnt tools ; and in order to obtain still more minute 
information, he afterwards repeatedly revisited the place of discovery which i^ about 
14 miles distant from Belleville, and can be reached after a short ride, the latter 
place being connected by railroad with East St Louis. The removal of ground 
m extending a street disclosed the existence of the deposit, and Dr. Patrick 
derived all roots concerning its character from Mr. Sullivan, the contractor of the. 
street work, who was present when the tools were exhumed, and therefore can 
be considered as a relroble authority. The results of my informant's inquiries, 
communicated in various letters addressed to me^ are contained in the ftdlowing 
account: 

In the early part of December 1868, some laborers, while engaged in grading 
an extension of Sixth street in East St Louis, came upon a ctopostt of Indian 
relics, consisting of flint tools, all of the hoe and shovel type, and <^ small fossil 
marine shells, partly pierced, and in quantity about equal to the contents of a 
bnsheL Close by weie found several boulders of flint and greenstone, weighing 

* Somo yoan ago I dbeoTorad iMsr East 8t Louii the traoes of an Indian pottwEy* de- 
•cribed in the Smithsonian report for 1866. ^ ^ 
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finom 15 to 30 poands eaob, and many fragments of flint. The soil in tlio imme- 
diate neighborhood is composed of black loam, overlying a stratum of a sandy 
character, and the deposit which occorred in tlie latter, was covered with from 18 
to 24 inches of the black earth, bearing a luxuriant turf on its surface. Accord- 
ing to the contractor's statement, themnt tools, the shells, and the boulders were 
deposited in three separate holes dug out in the sand, but not more than a foot 
apart from each other, and placed like the comers of a triangle. To use his lan- 
guage, the implements formed a '* nest" by themselves, and so did the shells, 
and likewise the boulders. The flint tools, however, instead of being packed 
close together, like the shells and the boulders, were arranged with some regu- 
larity, overlapping each other or standing edgewise, and covering a circular space. 
The whole deposit did not extend more than seven or eight feet on either side. 
The contractor neglected to count the implements, but he thinks there were from 
70 to 75 in all ; some 50 hoes and about 20 shovels. No other stone ai-ticles, 
such as arrow and spear-heads, tomahawks, &c., had been deposited with the 

agricultural implements. The latter 
were soon taken away by persons from 
the place, attracted by the novelty oi 
the occurrence, and it is to be regret- 
ted that many, if not most of tnemi 
have fallen into the hands of individu- 
als who are unable to appreciate their 
value. But this is usually the case 
when discoveries of similar character 
are made. Dr. Patrick examined 
upwards of 20 of the flint implements, 
and found that none of them had been 
used, as they had not received the 
slightest polish on the cutting edge. 
Tlie place of discovery lies about a 
mile and a half, or still further, fromthe 
Mississippi, on elevated ground^ and 
above ordinary high-water mark ; but 
formerly, before ^e bed of the river 
was narrowed by the dike connect- 
ing the Illinois shore with Bloody 
Isknd, the distance cannot have been 
more than half a mile. The spot is 
atuated nearly midway between two 
mounds, half a mile apart from each 
other. One of them was formerly 
used as a graveyard by the French of 
the neighborhood, and the other serves 
as the substrocture for a dwelling-house. The accompanying plan (furnished by 
my correspondent) gives a view of the locality. 

Several of the agricultural implements found at East St Louis are now in my 
possession. Their material is a yellowish-brown variety of the flint to which I 
already referred. In shape they correspond with the tools of the same class 
previously described by me ; most of the shovels, however, instead of having the 
end opposite the cutting part worked into a rounded edge, (like Fig. 1,) termi- 
nate in a more or less acute angle. The edges of aU are chip^ with the 
utmost regularity, and exhibit not the slightest wear, which proves that tho 
implements were in a perfectly new condition when buried in the ground. 

The fossil shells of marine origin are all small univalves, and belong almost 
entirely to the genus melanynis. Of nearly 300 specimens sent to me by Dr. 
Patrick, 19 only represent other genera, namely, coktnibeUu^ margineUa. conns. 
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and huUa, All have a decayed and chalky appearance. They were probably 
obtained in the neighborhood, and obviously destined for ornamental 
purposes. This may be inferred from the fact that a number of the 
melampiis shells are pierced with one hole in the lower part, (Fig. 3, 
natnnd size,> which was sufficient for stringing them, as the connecting^ 
thread could easily be passed through the natni'al aperture of the shelf. 
On close examination I found that these shells had been reduced, by 
grinding, to greater thinness at the place of perforation, in order to 
facilitate the process of piercing. 

The bonldera, which formed a part of the deposit, were probably designated 
for the manufactm'o of implements. A piece of one of the boulders was sent to 
nie for examination. It is a compact diorite, the material of which many ground 
articles of the North American Indians, such as tomahawks, chisels, pestles, 6co.y 
are made. 

It would be useless to speculate on the antiquity of the objects thus acciden- 
tally discovered, for there ore no indications for determining, even approximately, 
the period when they were buried. It is far easier to account for the motives 
which induced the owners of the tools and the other ol^ects to dispose of them 
in the manner described. Their object was, in all probability, to hide thenu 
Perhaps they left the place with a view to return and to take possession again 
of their concealed propertv, but were prevented from carrying out their intention. 
Or, they may have buried them in time of war, when they were killed, driven 
away, or led into captivity ; and fheir " hidden treasure" lay undisturbed in the 
ground, perhaps for centuries, until the spade of the Irish laborer brought it to 
light again. There is no room whatever for the supppmtion that this deposit 
constituted one of those religious offerings by which the ancient inhabitants of 
the Mississippi valley believed they could gratify or propitiate the powers that 
ruled their destinies. 

Similar deposits of flint articles have repeatedly been discovered in the United 
States,* and Messrs. Squier and Davis mention several instances of this kind in 
their work entitled " Ancient Monuments of the Mississippi Valley.'' The most 
extensive accumulation described by them occurred in one of the so-called sacri- 
ficial mounds of " Clark's Work," on North Fork of Paint creek. Boss county, 
Ohio. This mound contained, instead of the altar usually found in this class of 
earth-structures, an enormous number of flint disks standing on their ed^es, and 
arranged in two layers one above the other, at the bottom of the mound. The 
whole extent of these layers has not been ascertained ; but an excavation six 
feet long and four broad disclosed upwards of six hundred of those disks, rudely 
blocked out of a superior kind of grayish striped flint. I had occasion to exam- 
ine the specimens formerly in the collection of Dr. Davis, and have now a num- 
ber of them in my own collection, which were sent to me from Ohio. They are 
either roundish, oval, or heart-shaped, wid of various sizes, but on an average 
six inches long, four inches wide, and from three-quarters of an inch to an inch 
in thickness. They weigh not far from two pounds each. These flint disks ore 
believed to have been buried as a religious ofiering, and the peculiar structure 
of the mound which inclosed themt rather favors this view. The disks, how- 
ever, represent no finished implements, but merelv flat pieces, rudely chipped 
around their edges, and destined, in all probability, to be wrought into more 
symmetrical forms. Thus it would rather seem that the oontents of this mound 
constituted a kind of depot or magazine, from which supplies of flint could be 
drawn whenever there was a want of thut material. Many of the disks under 
notice bear a striking resemblance to the flint '' hatchets" discovered by Boucher 
de Perthes and Dr. KigoUot in the diluvial gravels of the valley of the Somme, 

* Also iu Europe. Dep*>tiits of flint arrow-heads, for instance, were found in Scotland.^ 
Logan, ''The Scottish Gael." Lond., 1831., Vol. I, p. 339. 
t Ancient Monumenta, dec , p. 158 ; drawings of the disks on p. 214. r^ OOoIp 
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in northern France.* The similarity in form, however, is the only analogy that 
can be claimed for the rude flint articles of both continents, considering that 
they occurred under totally different circumstances. The dioft implements of 
Europe represent the most primitive attempts of man in the art of working stone, 
while the Ohio disks are the unfinished specimens of a race that constructed 
earthwt>rks of amazing size, and was already highly skilled in the manufacture 
of weapons and tools of flint. 

Tet I little doubt but that implements analogous in shape as well as in asso- 
ciations to those of the drift of Europe, will be found also in America ; for indi- 
cations of the high antiquity of man on the latter continent are not wanting, and 
the similarity in the earlv condition of the human race in various parts of the 
globe becomes more and more manifest by the results of archseological investi- 
gation. 

Another occurrence of flint disks is recorded in a notice by Dr. Hoy, published 
in Lapham's "Antiquities of Wis- 

consin," one of the Smithsonian vol- 4- " 

umes : " Some workmen, in digging 
a ditch through a peat swamp near 
Bacine, found a deposit of disks of 
homstone, about 30 in number. They 
were immediately on the claQr, at the 
bottom of the peat, about two and 
a half feet below the surface. Some 
of the disks were quite regular ; they 
vary from half a pound to a pound 
in weight.'' A few of these are pre- 
served in the collection of the Smith- 
sonian Institution. 

About 1860, while I lived in St. 
Louis, a quantity of rudely-shaped 
flint articles of similar character were 
discovered close together on the bank 
of the Missisappi, between St. Louis 
and Carondelet. It is probable that 
the falling down of a part of the bank 
had exposed them to sight. I could 
not ascertain their number, but saw 
about eight of them, of which I ob- 
tained three. They are nearly all 
of the same size, oval in shape, and 
consist of whitish flint. Fig. 4 
represents one of my specimens in 
natural size. The original is seven- 
eighths of an inch thick in the mid- 
dle part. It is evident that they aro 
not implements in a state of comple- 
iion, but roughly-edged fragments, 
which were destined to be made hito 
arrow and spoar-heads at some future time. Their present convenient shape was 
doubtless given them for the sake of easier transportation and f< »r saving space. It 
is believed that flint can bo chipped more readily after having been exposed 
for some time to the humid influence of the earth, and this may partly account 
for the practice of the aborigines of burying their supplies of flint in suitable places. 

* Implemeuts very similar in shape to the Ohio disks were also found ia the caves of 
Dordogne, especially that of Lo Moustier. They are described aud figured in the splendid 
work by Lartet and Christy, entitled " Reliqoise Aquitanicse.*' 
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Betorning to my former subject, I will observe tbat tbe ocoorrence of Indian 
flint tools which served for agricaltuml purposes is not more surprisui^ than 
that ofother stone implements indicating less peaceable pursuits; for itis kno^n 
that many of the abori/^nal tribes of North America raised maize and other nutri- 
tious plants before this continent was settled by Europeans.* The production 
of maize, indeed, must have been considerable. Mr. Gallatin has taken some pains 
to ascertain the area, east of the Rocky Mountains, and north of Mexico, over 
which cuftivation extended. It was bounded on the east by the Atlantic; 
on the south by the Gulf of Mexico; on the west by the Mississippi, or, 
more properly, by the prauies. Towards the north the limits varied accord- 
ing to the climate ; but near the Atlantic the northern boundary of agriculture 
lay in the region of the rivers Kennebec and Penobscot. North of the Great 
Lakes agriculture was only found among the Hurons and some kindred tribes. 
TheQjibways, on the south of Lake Superior, and their neighbors, the Meno- 
monies, it appears, depended for vegetable food principally on the wild rice or 
wild oats, called /o^ avoine by the French .t The Iroquois tribes raised larse 
quantities of Indian com. In the year 1687, a corps under the command of the 
Marquis de Nonville made an invasion into the country of the Senecas, during 
which all their supplies of maize were either burned or otherwise spoiled, and 
the quantity thus destroyed is said to have amounted to 400,000 mlnots, or 
1,200,000 bushels.^ Though this estimate may 'he somewhat exaggerated, it 
nevertheless shows that these tribes paid much attention to the cultivation of 
maize. 

The nations who inhabited the large territories formerly called Florida and 
Louisiana, probably obtained their food mostly from the vegetable kingdom. 
They cultivated chiefly miuze, beans, peas, pumpkins* melons, and sweet pota- 
. toes. Maize, however, was their principal produce. In the accounts of De 
Soto's expedition, not only frequent allusion is made to the extensive maize fields 
of the natives, but it may also bo gathered from these relations that the army of 
De Soto would have starved without the supplies of Indian com obtained from 
the inhabitants. These people laid up stores of that useful cereal, and among 
other facts it is mentioned that one of De Soto's ofiicers foimd in one bouse 
alone, five hundred measures of maize ground to meal, besides a large quantity 
in grain.§ But thoto southern tribes met by De Soto and his followers in the 
sixteenth century were the most advanced among the North American aborig- 
ines. No longer in the pure hunter state, but attached to the soil, they lived in 
large villages, consisting of dwellings more commodious than those of the ruder 
tnhea, and paid generaUy more attention to the comforts of life than the latter. 

Adair, who spent during the last centuiv many years as a trader in the dis- 
trict under notice, mentions that the French of West Florida and the English 
colonists obtained from the Indians difiierent sorts of beans and peas, with which 
they were before entirely unacquainted. They raised also a small kind of tobacco^ 
difiering from that in use among the French and English settlers. The women, 
he says, planted pumpkins and different species of melons in separate fields, at 
a considemblo distance from the towns.) | It is even probable that the former 
inhabitants cultivated fruit trees. Bartram, at least, found in Geoigia and Ala- 
bama, on the sites of ancient Indian settlements, various kinds of trees, such as 

* Some of the facts mentioned in the following remarks were already fiven in my previous 
article, published in the Smithsonian report for 1(^!63 ; I repeat them here, for the sake of 
greater completeness, in connection with some additional details bearing upon the aame 
subject. For descriptions of the remarkable ** garden-beds *' of Michigan, Wisconsin, and 
Indiana, which indicate an ancient cultivation, I most refer to Schoolcraft, Lapham, and 
others. 

t GaUaiin, Archseologia Americana, Vol. II, p. 149. 

t Documentanr History of New York, Vol. I. p. 838. 

$ Gareilaggo de la Vega, ConquAte de la Florida. Leyden, 1731, Vol. I, p. 250, 

I Adair, History of the American Indians. London, 1775, p. 409, (^ 
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ibe persimmon, Loney'ltjeuat, Chickasaw plumj mulbeny, black walnat, and 
Bbell-barktd hickory, whicU, lie thinks, " were cuUivat^d by the ancients on 
luxxmnt of their fniitj as bet n^ wholesome and noorishing' foot!,"* 

The FloruHiins, it w gtated, employ ml at De Soto's time priaoncrB of war for 
working tha fields^ and in ordt^r to prevent their est.'apt* they partly maimed them 
by cutting the tendons of the leg aliovo the heel or tho inHtep*t It appearsj 
however, that among most a*-*mi*agri cultural txibeB of North America fieUl labor 
yvEs imposed upon the women ; while the men, when not engaged in huniing or 
war eKpedilionSf abandoned themselves to that listless re pose in which barbae 
rians geaerally love to indulge. 

*B^nram'g Travels. PabHn, 171U, p. 33 

\GApciU990 de La i'cgat Conqu^t^ de la Fbridei Yol. I, p. 2d6t aad YoL I| p^ 3^. 
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NOTICE OF THE BLACKMORE MUSEUM, SALISBURY, ENGLAND. 

OPENED 8EPTEMBEB THE dXH; 1867. 



^ Tmm, wkieh aiUiquaies mUiquiiuB, and hmik anmrtis mmke dm»t tfrnll tkimgw^ kmtk ytl tpmrtd 
ik§$e miwm' mammmMnts.*' — Sir Tbomab BftOWUK. 



The Blaokmore Mnseam was fonnded at SaliBbniy, by Mr. William Blaok- 
moTo, of Liverpool and London, in 1864. The public are admitted free upon 
days appointed by the committee of the Salisbury and South Wilts Museum, 
who have been constituted the governing body by Mr. Blackmore, subject, 
however, to the annual consent of the trustees, who are the founder^ his brother, 
Dr. Blackmore, and his brother-in-law, Mr. E. T. Steyens. 

GENERAL BEMABKS. 

The collection mainly consists of specimens belongmg to the stone age of 
different countries. 

It has been well remarked that 'Hhese implements of stone are to be regarded 
as indicating a grade of civilization, rather than any definite antiquity.'" One 
object of the founder of the Blackmore Museum accordingly has been, an attempt 
to illustrate the use and application of the rude weapons, implements, and orna- 
ments of antiquity, by exhibiting, side by side with them, similar specimens in 
use among existing races of mankind. 

The ^neral result of this arrangement is, that a striking resemblance can be 
observed in the modes by which the ample wants of a common nature have been ' 
supplied among people widely severed from each other in point of time, no less 
than by geographical distribution. 

Although this may be the first impression conveyed by a c^lanoe at the Blaok- 
more and similar collections, more careful examination wiU show that special 
types (and in some instances special objects) occur in particular districts, and 
that frequently typical points of difference exist between groups of objects 
assigned to the same period and people, and obtiuned from spots almost close to 
each other. Thus in the case of two localities near Salisbury, there is a differ- 
ence in type between the group of flint implements foupd in the drift-gravel at 
Bemerton and the group found m the drift-gravel at Milford Hill. 

Taken as a whole, however, the flint implements of the drift have well-marked 
characteristics; nevertheless, in the Blackmore collection certain specimens from 
an American tumulus a^ree very closely with the usual drift types. Very drifk- 
like implements have also been found in certain bone-caves, yet in each case the 
attention is chiefly arrested by the aberrant character of the specimens. 

There is a class of flint implements known as " scrapers,'' one variety of 
which, usually large, thick-backed, and with a broad scraping edge, is found in 
the drift ; it occurs a^ain in cave deposits, as for instance in Le Moustier, 
Dordogne, and also with slight modification among ordinary surface specimens, 
although it ceases then to be a typical form. On the other hand, the type of 
^ acTaper'' so abundant on the sur&ce occurs, although rarelv. in the drift. 
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Perhaps, theiefore, we are scarcely in a position to state that any sharp lino 
of demarcation absolutely severs the drift implements from those of the caves, 
or the implements of the caves fi-om those uf the surface. In palaeontology the 
rare types of one period become the prevalent forms of another, in this respect 
presenting an analogy to the objects of the stone age. If we assnrae that the 
drift-folk "thought out'' the form of their weapons and the mode of their manu- 
facture in a manner entirely diflferiDg from what has been done by any other race 
of men, we are driven to the conclusion that there must have been also some- 
thing wholly di£ferent in the drift-people themselves, or in the conditions under 
whidi they existed, for all later evidence tends to show that the workings of 
human minds and human hands in tho stone age have produced very similar 
results in every quarter of the globe. i 

Be this as it may, the collection in the Blackmore Museum will remain what 
it is now, an assemblage of factSj however incorrectly we or other men may 
interpret them, and as such, the collection must ever retain its ethnological valoe^ 
even should our present theories prove to be erroneous. The collection resem- 
bles so much sound material ready-quarried and fit foi use, with which men can 
build — any errors in style^ construction, or taste, must necessarily rest with the 
architect* 

AEEANGEMENT. 

The arrangement of the collection is far from beinff completed ; as soon as 
possible, labels will be attached to the specimens and a list will be published, to 
be followed hereafter by an illustrated and descriptive catalogue. 

CLASSIFICATION. 

The classification adopted is as follows : 

Fauna of ** the Drift"— England. 

Flint implements from " the Drift "—France. 

" ** ** England. 

Fauna of the Doidogne caves— France. 

•* caves m the Pyrenees— France. 

" ''Genista" cares— Gibraltar. 
Flint implemente and objeets of huinau workmanship in bone, antler of reindeer, ^ko. 

— Dordogne caves, France. 

•* " •* •* " caves of the Pyrenees, France. 

*• " " " " " Genista caves," Gibraltar. 



1^ 

H 
111 



Suffttu series f (rvbbed stone group,) 
f Flint and stone implements, d^c, from England, Ireland, France, Denmark, Italy, 
Arabia, East Indies, South Africa, America, d^s. 
Pfahlbauten series — Switzerland, 



Surface series t (drUled stone group,) 
Stone hatchets andother objects from America, Ireland, and Denmark. 



Surface series, {carved and drilled stone group.) 
\, Pipes and other objects from the mounds of Ohio — America. 



Bronze series. 
Is, a] 
France, and America. 



Bronze^hatchets, spear beads, and personal ornaments, from England, Ireland, 
"" 3 Ame " 



Iron series. 
Iron swords and spear-heads— England, France. 

Illustrative series. 
Modem stone implements, chiefly in the original handles — ^)7ew Zealand, Australia 
Islands of the Pacific, Esquimaiiz, Ac Z 
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Modcni bone-nnnad weapoos— British QniaiM, New Gniaea, Islands of Uie Parific, 

Esqaimaoz, d&c. 
Modern iron-armed weaDons— Africa. &,c. 
Personal ornaments, fisfainr-tackle, d^c., made from seeds, shell, bone, hom, it oij 

New Zealand, Islands of the Pacific, Esqnimaaz, A^ 
Clobt, spears, paddles, Ac — ^New Zealand, AnstFalia, New Guinea* Islands of Uw 

Pacific, British Guinea, Esqnimaux, ^ V 

Fauna qf the Drift. 

The collection commences with remains of those (chiefly) extinct animals foand 
in beds of sand, clay, or gravel, which cap hills, occur in patches on their sides, 
or constitute the sab-stratum of valleys in certain districts. For the porpose of 
this notice it may be sufficient to state that these beds are popularly known as 
^'the Drift," and that the materials forming them have be^ derived from the 
wearinfi^-down by water of the neighboring up-stream district. This wearing'- 
down does not appear to have been entirely or even chiefly due to ordinary river 
action, but it was probably efiected, in great degree, by tonents arising firom the 
thawing of ice and snow/ which accumulated under more rigorous conditions as 
to climate than is experienced in the same localities within the historic period. 

In the series from our local drift (brick-earth) at Fisherton, attention is par* 
ticularly called to some unique remfuns of one species of pouched marmot {Sper^ 
unophUus supbrctliasus,) From a careful examination of several skeletons of 
these little rodents, it appears that the animals all perished during their winter's 
sleep— each being in the usual position assumed during hybernation. Possibly 
in this we see the eflect of some unusually high flood. Ihere are also exhibited 
remains of two species of lemming, (LemmtM torquc^us and L, NarvegicuSyJ 
likewise unique in beds of this age. In the collection are portions of egg-shells _ 
from the brick-earth at Fisherton: these are unique. 

ARCHiBOLITHIC PBBIOD. 

Flint imjpilenienta fram the Drift. 

The interest felt in '' the Drift" arises chieflv from the &ct that in it are 
found implements made by the simple processes of flaking and chipping, wldch 
afford the first evidence we possess of man's existence upon the earUi. The 
series of these implements in the Blackmore Museum is extensive and good • 
particularly so as regards those obtained from the drift of £ng1and, at Thetford^ 
Icklbgham, Bury St. Edmunds, and nearer Salisbury, at Hill Head, (near 
Farehani,) Bournemouth^ Fordin^bridge, and Lake, as well as those found close 
to this city, at Bemerton, and liilford HilL Mr. Evans, F.B.S., of Hemel 
Hempsted; Mr. Flower, F.6.B., of Croydon; Mr. Wheaton, of SnJisbury ; and 
Mr. Toomer, also of this city, have contributed specimens. Many of the local 
flint implements collected by Mr. James Brown, and the important collection 
formed by Mr. Heniy Prigg, jr., of Bury St Edmunds, are also included in 
this series. 

Cave aeries. 

These objects consist of flint scrapers and implements— of harpoons cforreA 
from antlers of the reindeer — of bone needles — and of pieces of bone and 
hom upon which animals and other objects have been delineated. The speci- 
mens exhibited from the Dordogne caves (France) were chiefly presented by the 
trustees of the Christy Museum, London, and by M. Lartet, of Paris; many of 
' the iturer spedmens are represented by casts, the originals being in the museum 
at St. Germain. The specimens from the caves of the Pyrenees were obtained 
during excavations conducted by Dr. Garrigou, of Tarascon, at «the expense of 
Mr. Blackmore ; whilst the series from the caves at Gibraltar was presented by 
Colonel Henry Hope Crealock (Vienna) and Captain Brome, (Gibraltar.) 
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The resemblance between the objects from tbe French caves and those still 
made and used by the Esqnimaax is very striking. Attention is directed to the 
cast of a portion of the tosk of a mammoth found in the rock-shelter of La Mad- 
elaine, Dordogne, upon which is traced in outline the animal (mammoth) itself. 
The specimen from which this cast has been taken was discovered in May^ 1864, 
by M. Lartet; M. de Vemeuil, and the late Dr. Falconer. 

IfSOLITHIC PEBIOB. 

Surface aeries^ {rubbed stone group.) 

Setting^aside peculiarities in type between the earlier (archseolithic) flint 
implements already noticed, and the later, (neolithic,) now about to be considered, 
the difference in the mode of manufiEMJture is remarkable. The former, without 
exception, owe their shape wholly to the simple processes of flaking and chipping; 
no instance of artificial rubbing occurs upon the drift implements^ whilst among 
those belonging to the neolithic period a very large percentage, after having 
been chipp^ into form, have been rubbed and polished with more or less care. 
In then<^6ec{stone series are included those arrow-heads, scrapers, drills, wedges, 
hammers, and other objects, formed themselves for the most part by flaking and 
chipping only, but cofUemporary with the rubbed hatchets. In this section examples 
are shown from the neighborhood of Salisbury, from Weymouth,- Icklingham, 
Yorkshire, and elsewhere in England, and from various parts of Ireland. Some 
nice specimens from Tan Hill, near Devizes, have been presented by Mr. Coombs, 
of Stapleford. Many of the Yorkshire specimens were presented by Mr. Monk- 
man, of Malton. Mr. Evans, F.R.S., of Hemel Hempsted, has contributed a 
series from the shell-mounds (KjokkenmOddin^s) of Denmark, and Mr. Flower, 
F.G.S., of Croydon, has given some from the shell-mounds of Herm, near 
Guernsey. There is also an interesting series of specimens from some (as is sup- 
posed) British pit-dwellings, near Salisbury, consisting of stone querns, flint and 
bone scrapers, bone-piercing tools, bone javelin-heads, day pellets for slinging, 
clay spindle-whorls, pottery, and animal remains. For this collection the trus- 
tees are indebted to Mr. Adlam, of Salisbury, without whose valuable assistance 
the series could not have been formed. 

Some interesting examples of human-worked flint and jasper, from the East 
Indies and South Africa, presented by Sir Charles Lyell, Bart., are exhibited, as 
are also some remarkable flint-cores from Scinde, presented by the Bedfordshire 
Architectural and Archseological Society, through Mr. Wyatt, F.G.S. In this 
section are some rude flint tools, obtained from uie neighboriiood of Rome, b}' the 
late Rev. Prebendary Chermside, in whom the Blackmore Museum has recently < 
lost a most valuable friend. Flint knives from Arabia, presented by Mr. Franks, 
F.S. A., of the British Museum, and similar objects from various parts of France, 
Belgium, and Denmai'k, are exhibited. 

IfaMbauten series f {rtitied stone group.) 

This portion of the collection is very illustrative; it has been formed through 
the extreme kindness of Admiral the Hon. E. A. J. Harris, C.B., her Majesty's 
minister at Berne, who has obtained the valuable assistance of such eminent 
Swiss archffiologists as Dr. Keller, Professor Kiitimeyer, Dr. Uhlmann, and the 
late M. Troyon. It is now well known that a pre-historic people drove 
wooden piles into the beds of the lakes of Switzerland and other countries, 
upon which a platform was placed, and upon this platform huts were elected. 

In these huts these people dwelt, not for a month or two, but continuously, as 
appears to be proved by 'the presence of -seeds of plants which ripen at various 
seasons of the year. 

These lake-dwellers cultivated wheat and barley, spun and wove flax, made 
nets for fishing, while their tools (at the special stations represented in this col- 
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lectiou) were fonned only from the bones and horns of animalSy from stone, and 
from flint, which latter material they probably obtained from the south of France. 
Attention is called to a flake of flint in its original wooden handle, from the 
lake settiement at Bobenhausen. Unfortnnately, bat a very small portion of the 
animal remains from the Swiss Pfahlbanten can be exhibited to the pnblic from 
want of space, but the collection is peculiarly rich in this direction, through the 
friendly co-operation of Professor Riitimeyer, and every facility for access to it 
will be afforded to those interested in such a series. 

American series, {nMed stone group.) 

This portion of the collection commences with a series of obsidian knives^ 
arrow-heads, and drills, chiefly presented by the trustees of the Christy Museum^ 
London. These* with some beads and ornaments of stone and shell, and a few 
stone hatchets, are relics of the ancient Mexicans, (Aztecs.) 

The larger portion of the American series in the Blackmore Museum has 
been already fully illustrated and described by the Smithsonian Institution of 
Washington, United States, and is well known to scientific men as the ^' Squier 
and Davis" collection ; it is now for the first time exhibited in Europe, having 
been purchased of Dr. Davis in 1864, when Mr. Blackmore was in New York. 

From this collection are derived the very fine examples of stone arrow-heads 
and axes exhibited, as well as the specimens of worked bone, hom, and shelL 
Mr. Witt, F.Q.S., of London, has contributed to this series. 

Danish serieSf (rubbed stone group.) 

This series consists of hatchets, tools, and weapons made from stone and flint, 
displaying great skill in the manufacture. 

Belgian series, (rubbed stone group.) 

The soecimens forming this series have been presented by Mr. Evans, F.&.S.9 
of Heme! Hempsted. 

French series, (rubbed stone group.) 

Some exquisite spedmens are exhibited in this series. 

American series, (carved stone group.) 

These objects consist of heavy stone mauls, of pestles, and other food imple- 
ments, among which are two specimens from Chiriqui, particularly worthy of 
attention, as are also some carved stone hatchets, and a carved stone dagger, all 
of Garib workmanship, and an ancient Egyptian stone ax-head. 

Irish series, (drilled stone group.) 
Spindle whorls, hatchets, &c. 

Danish series, (drUkd stone group.) 
Spindle whorls, hatchets, &c. 

American series, (drilled and carved stone group.) 

This group contains some of the most interesting specimens in the collectisn; 
the greater part are extremely rare and some are unique. The celebrated carved 
stone smoking pipes, which have been figured in the first volume of the Smith- 
sonian publications, (Washington,) are in this group, as areaiso thestone gorgetSy 
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tabes, and drilled hatchets exhumed firom the burial mounds of Ohio by Dr. 
Davis. 

Illustrative series. 

This series consists of hatchets, tools, arrows, spears, and other weapons ; of 
fishing tackle, personal ornaments, &c., in use by modem savages, and calcu- 
lated to throw light upon the mode of hafting and using the corresponding objects 
of antiquity. 

Some clubs from New Zealand and some paddles from the Society Islands 
have been contributed by Mrs. Montgomery, of Nunton House, through the 
Salisbury and South Wilts Museum. This series has also been enriched by 
donations from Mr. Hamilton, M.P., and Mr. Marsh, M.P. 

Bronze series. 

The portion of this series now exhibited will probably be still further reduced, 
in order that the stone series may be extended. Among the bronze objects dis- 
played is a good collection of the so-called " celts" from America, Ireland, France, 
and £ngUmd, including the neighborhood of Salisbury. The specimens pre- 
sented by the Viscount Folkestone, Mr. Benson, and Mr. Clench, to the Salisbury 
and South Wilts Museum, have been kindly lent by the committee of that museum, 
and are exhibited, as are also some interesting bronze daggers and other objects 
obtained by Mr. E. Dyke Poor, jfrom a tumulus at Ablington, Wilts, and some 
bronze armillsB and a bronze torque, found in a tumulus at Lake by the late Rev. 
E. Duke, and presented to the Salisbury and South Wilts Museum by his son, 
the Rev. E. Duke, of Lake House. 

Iron series. * 

The use of iron for arming weapons will, from want of space, be merely rep- 
resented in the collection. 

A few local specimens of the Anglo-Saxon period are exhibited. Some of 
these were presented by the late Mr. Swayne, of Bishopstone, and by Mr. F. 
Sidford, of the same place. The Salisbury and South Wilts Museum kindly 
contribute an Anglo-Saxon knife, presented by Mr. £. F. Mills, of Orcheston 
St Mary. 

Pottery. 

'Some Romano-British pottery, from the site of an old kiln near Fordingbridge, 
has been presented by Mr. Evans, F.R.S., of Hemel Hempsted, and some niie 
examples of Peruvian pottery have been contributed by Admiral Sir William 
Bowles, K.C.B., of London, through the Salisbury and South Wilts Museum. 
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PROGRAMME OF THE HOLLAND SOCIETY OF SCIENCESOF HARLEM, 1869. 



The Holland Society of Bciences, held at Harlem, 15 May, 1869, its hundred 
and seventeenth annual session. The President-Director, Baron F. W. van 
Stymm, opened the sitting with an address in which he recalled the losses sus- 
tained by the society since its last general meeting; those, namely, of the 
director Baron G. F. Thoe Schwartzenberg at Hohenlansberg, of the natiTe 
members 6. Simons, H. G. Millies and J. van Lennep, and of the forei^ mem- 
bers K. F. P. von Martins, at Manich, J. Plucker, at Bonn, H. von Meyer, at 
FiaiikfortK>n-the-Malne, and G. S. M, JPonillet, at Paris. Finally, the nomina- 
tion of M. 6. Willink de Bennebroek, as a director of the society, was announced. 
Since the last annual meeting the society has published : Archives Neerlamd- 
aises des Sciences exades et natureUeSj parts 3, 4 and 5 of vol. iii, 1 and 3 
of voL iv. 

In reference to a proposition submitted by MM. J, P. van Wickevoort Crom- 
melin, D. de Haan, J. van der Hoeven, J. P. Delprat, R. van Bees, A, H* 
van der Boon Mesch, D. Lubach, and V'. S. M. van der Willigen, and for the 
consideration of which a committee was appointed at the last general meeting, 
composed of the directors G. F. van Tets and J. P. van Wickevoort Gromme- 
lin, and of the members V. S. M. van der Willigen, 6. de Vries, G. A. J. A. 
Oudemans, P. HarCing and £. H. von Banmhauer, the society adopted the fol- 
lowing as its decision : 

1st Besides the medals decreed for questions proposed for competition, the 
sodety ordains Uco new medalSj each of the intrinsic value of 500 florins, one of 
them to bear the name and effigy of " Hutghens,'' the other those of " BoES- 
HAAVE." 2d. These medals ^all he alternately awarded, every two years, to 
the savant, whether Netherlander or foreigner, who bv his researches shall, in 
the judgment of the society, have most contributed, dunng the last twenty yean, 
to the progrosB of some definite branch of the physico-roathematical sciences or 
of the natural sciences. 3d. The Huyghens medal shall be assigned in 1870 to 
physics, in 1874 to chemistry, in 1878 to astronomy, in 1882 to meteorology, in 
1886 to mathematics, (pure and applied.) The Boerhaave medal shall be 
assigned in 1872 to mineralogy and geology, in 1876 to botany, in 1880 to 
zoology, in 1884 to physiology, in 1888 to anthropology ; and thereafter in the 
same recurrent succession. 4th. The preliminary jui^ment on the respective 
titles shall be rofenred to a committee named by the directors; of which commit- 
tee the secretary of the society shall always be a member. 5th. The medal 
shall always be awarded by the general assembly, on the deUuled and analytic 
report of the committee of judgment 

The following question havmg been oflered for competition in 1865 and con- 
tinued in 1867: ^'The society requests an exact description, with figures, of the 
skeleton and muscles of the Sciurus vulgaris, compared with what is known on 
this subject of the Lemurides and the Chiromys, in order that the place to be 
assigned to this last species in the natural classification may be determined with 
more certainty than hsa been heretofore possible f a reply has been received 
through a memoir in the Dutch language, bearing the motto : Beter is het te 
pogen eonder te slagen dan stU te zUtm uit vrees voor nuttdoase moeite. (Better is 
it to endeavor without succeeding than to sit still from fear of profitless labor). 
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On the advice of the referees, the assembly awarded the gold medal to the 
aathor of the above memoir ; which, upon the opening of the sealed note, was 
found to be the joint production of Dr. C. K. Hoffmann, adjunct physician at 
Heerenberg, and of M. H. Weijenbergh, jr.,snrgeon and accouchenr at Utrecht. 

Of our own countrymen* the meml^rs elected at the session in question were 
MM. E. H. Beima, keeper of the museum of natural history at Leyden ; B. P. 
A, Dozy, professpr in the faculty of philosophy and letters at Leyden ; J. F. W. 
Conrad, engineer-in-chief of the Waterstaat, at Middlebourg. Oi foreigners, the 
following were at the same time elected members of the society : MM. L. A. J. 
Quetelet, from Brussels ; W. ,Sartorius von Waltershausen, from Grottingen; A. 
W. Hofmann, from Berlin; J. D. Dana, from New Haven. 

The president notified the assembly that the libraiy, put in order and pro- 
vided with a catalogue by the care of the secretary, is now at the dbposai of the 
directors and meml^rs of the society. 



The Society offers for competition the following questions, the answers to which 
must be addressed to it before the 1st qf January, 1871 : 

L The knowledge of the peat-bogs of the Netherlands, as well the higher as 
the lower, is yet far from being complete. There remain many researches to be 
made before we can determine with precision what are the plants of which they 
are composed ; in particular, what are the ligneous substances found therein, and 
what the succession of the different vegetable species in the series of the beds of 
these peats, from the most ancient to those which still continue to be formed. 
The society desires to see this subject elucidated, and suggests consequently a 
thorough microscopic examination of the plants composing the Netherland peats. 

II. The society requests an exact description of all the chemical or physical 
operations in which have been obtained, whether accidentally or by virtue of 
direct experiments, those chemical combinations which, by their chemical and 
physical characters, accord with the inorganic compounds existing in nature, 
under the form of minerals. The production of new artificial minerals is not 
asked for, but simply the critical appreciation of results already realized, with 
the exact indication of the works and memoirs in which the known artificial 
minerals have been described ; in the classification of these products, conformity 
should be observed with some one of the mineralogical systems most extensively 
accepted. 

III. The society considers it desirable that a description of the fossil flora of 
some of the coal deposits of Borneo should be given, and a comparison of that 
flora with those of other coal formations. 

IV. The society desires a monograph of the substances called albuminous ; 
this monograph should comprise an historical review of the numerous researches 
to which these substances have given rise and a critical appreciation of the 
opinions which at present maintain a footing in science with regard to this subject. 

V. The society asks that the co-efBcients of dilatation of different kinds of 
glass, especially of those which serve for the construction of thermometers, 
should be exactly determined, according to the method of M. Fizeau, between 
«— 30 and -{- 500 degrees of the centigrade thermometer. 

VI. Recent researches seem to confirm the opinion that the bodies callod 
hydrates of carbon are polyatomic alcohols ; the society invites new researches 
calculated to elucidate this important point 

VII. The determination of temperatureis higher than 350 degrees of the cen- 
timde thermometer still leaves, in all cases, much to be desired ; the society 
will confer its gold medal for the construction of some very simple apparatus 
which shall give the temperatures up to at least 500 degrees of the centigrade 
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VIII. Tbe society fiolidts exact determinations re^ax^ng the Tariation of the 
indioes of the refraction of water, for at least IS points of the speotmniy on an 
extent of 50 degrees of the centigrade thermometer. 

IX. It is known that the anrora borealis gives rise to tellnric electrical ooiv 
rents which sometimes introdnoe considerable perturbations in the service of tel- 
egraphic lines. The society regards it as an object of interest that on tele- 
graphic lines of great length determinations of the force of those corrents should 
be made, to the effect, among others, of ascertaining to what point ihey extend 
towards the equator. 



QuesHans to which an answer nmst be returned hrfore 1st qfJanuarjfy 1873. 

I. The society desires a complete critical review of the different phanerogamic 
floras of Europe, as well of those which have been published separately as of 
those which are to be found in the transactions of learned societies and in scien- 
tific journals. This review should be so arranged that the details concerning each 
country or province shall be mentioned in succession one after the other, accord- 
ing to the date of their publication. The work must be accompanied with crit- 
ical observations relative to the greater or less value properly to be attributed 
to each flora, and to the opportunity afforded of deciding on the indications 
observed, or of proceediujg to new researches in countries bttle known. 

II. The society calls fcr a complete critical review of the different faunas of 
Europe, as well of those which have been published separately as of those 
which are extant in the collections of learned societies and in scientific journals. 
This review should be drawn up in the same form as regards arrangement and 
with the same conditions as those prescribed in the preceding question with 
reference to the different fioras of Europe. 



The following questions were last year submitted to competition by the society 
wkh a view to their being answered bqfore the 1st qfJanuarify 1870 : 

I. Since the progressive decline and final suppression of the governmental 
culture of spices in the Molucca islands, it has become highly cksirable that 
new lines of culture should be established in that fertile archipelago. The 
society consequently asks : (1.) A descpption of the present social condition of 
those islands, especially as regards the population and its aptitude for agricul- 
tural industry. (2.) Indications of the varieties of the soil, considered in rdation 
to the cnltnie proposed for eventual adoption. (3. ) Statistical data on the resul ts 
of the free cultivation of spices, as it is now practiced. (4.) A statement of the 
result of the experiment of cultivating cacao, undertaken by order of Grovemor- 
general Pahud and with the effective support of the government. (5.) A detailed 
specification of the vegetables, the culture of which would deserve to be tried 
among those whose products are suited for exportation. 

II. It cannot be denied that spectral analysis, as at present conducted, tends 
to fftli into excess and that its value is frequently exaggerated. Consequently, 
and in order to arrive at views at once more sound and of a more scientific char- 
acter, it is required to make an equitable separation of the true from the false, 
to trace the limits within which the method may be legitimately employed and 
beyond whi<^ it ceases to be applicable, to submit to a sober critical appreci- 
ation the facts which it has brought to light, the discoveries which it promises^ 
and those which we have a right to expect from it. 

III. The galvanic current heats the metallic conductor which it traverses ; by 
this, the resistance of the latter is augmented, and in this way the current reacts 
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on itaelf. On tlie other hand, it may be tnippoBed that Ihe mtensity of the our- 
lent farther modifies the valne of the reeistanoe by viitne of an action which 
does not directly depend on the heating. It is desirable that, in one and tek 
other point of view, the inflnence exert^ by the intensity of the current or the 
degree of the resistance) should be studied. Among the metals susceptible ctf 
being employed in this inquiry, mercury would seem to be one of those which 
offer the most advantages. 

ly. The society solicits a criticism, as well as a repetition and extension of 
the experiments on the electrolysis of the melted haloid salts, (Faraday, Experi- 
mental BesearcheSy vol. i, art. 538 et seq. and 978 et 8eq,y) together with on 
exposition of the considerations which are dedudble therefix)m on the nature of 
electrolysis. 

The law of Faraday on electrolysis is extremely simple; but the question is 
fhr from being exhausted, and the ensemtHe of the phenomenon is as yet covered 
with a thick veil. Hence it is especially desirable to determine to what point 
the before-cited experiments are in opposition to that higher view, supported by 
a great number of facts, agreeably to which no true electrolysis can take place 
unless the action of the current is exerted on double salts or on combinations 
which are equivalent and analogous to them. 

V. According to M. 6. Ville, (see Bevue des Chiiirs seknUfigms, 1868, No. 7, 
p. 103,) nitrogen in a free or elementary state is assimilated by certain plants, 
particularly by leguminous plants. The society wishes that this opinion should 
be submitted to a critical examination, and that its exactness or its falsity be estab- 
lished theoretically or experimentally, and preferably by both methods. 

VI. In regard to the experiments of M. Graham, the society calls for new 
researches on the solutive power of melted metals for hydrogen, particularly 
with a view to deciding whether there exist definite combinations of metals with 
hydrogen. 

yif. The society asks for an exact description, aceompaoied with figures, of 
the changes undergone by the organization ot the Batrachians during their meta- 
morphosis. 

VIII. The assertion that metals become transparent at a temperature suffi- 
ciently elevated, requires to be confirmed or invalidated by experiments made 
on several different metals. 

IX. The society wishes to have it experimentally determined whether the 
luminous power of the Lampyris nocHluca et ttplendidula (linn.) shdtald be 
attributed to the secretion of a particular matter, and if it be so, that the nature 
and composition of that matter be investigated. 

X. There stUl exists much obscurity respecting the cause of the phosphorescence 
of the substances which bear the name of artificial phosphorus. The society 
invites a thorough investigation, to the end of deciding the question whether 
that phosphorescence shomd be attributed solely to a slow oxidation. 

XI. Whilst, in meteorological observations, the pressure and temperature of 
the air, the direction and force of the wind are observed in a continuous manner, 
by means of registering instruments, we are always reduced, as far as the humid- 
ity of the air is concerned, to isolated observations made at certain hours of the 
day. The society desires the construction, whether upon new principles or such 
as 'have been already indicated, (see Foggendofff's AwnaUnj vol. 93, p. 343,) 
of a registering instrument for the aetermination of the humidity of the air, and 
solicits a communication of the results of observations made with such an instru- 
ment and continued during at least half a year. 

XII. A memoir on the life of Koopman (MercatorJ and of Ortels, (OrteUus,) 
and on the services which these two savants have rendered to geography, eth- 
nology, and cartography, is regarded as a desideratum. 
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XIII. The society would wish that the biography of the Baron van Imhoff, 
and the bistoiy of his administration as governor-general of the Dutch Indiei^ 
should be written from documents not heretofore made use ol 

XIV. The society invites an analysis of the life and a narrative of the voy- 
ages of Dutchmen who, in the 17th and 18th centuries, distinguished themselves 
as navigators or as authors of geographical discoveries. 

XV. What has been done up to the present time, for the study of the 
languages of the populations subject to the domination of the Netherlands in 
countries beyond the sea, and what are the vacuities which it would be chiefly 
important to supply in this respect t 

The Society recommend to competitors to -omit in their replies all that has not 
an immediate relation to the question proposed. It hopes to find in everything^ 
submitted to it perspicuity united with brevityi and demonstrated propositions 
clearly distinguished £rom vague considerations and facts imperfectly established. 
It is further to be remembered that no memoir written by the hand of the author 
will be admitted to competition, and that, even were a medal awarded, its delivery 
would not take place i^ in the meantime, the hand of the author should be recog- 
nized in the work accepted. 

The notes attached to memoirs which fail to receive the prize shall be destroyed 
without being opened, unless it shall have been discovert that the memoir pre- 
sented is but a copy extracted from printed works ; in that case the name com- 
municated will be divulged. Every member of the society shall have a right to 
takepart in the competition, on condition that his memoir, as well as note, shall 
be signed with the letter L. The memoirs, written legibly, in Ihuchy French, 
Latm, English, Italian, or Cferman, (but not in German characters,) must be 
accompanied by a sealed note containing the name of the author, and be sent 
free to thetsecretary of the society, Professor E. H. von Baumhaner, at Harlem. 

The prize offered for a satisfactory reply to each of the questions proposed, 
consists, at the choice of the author, either of a gold medal, bearing the usual 
stamp of the society, the name of the author and the date, or a sum of 150 
florins; a supplementary premium of 150 florins may be added if the memoir be 
deemed worthy of it The competitor who shall recrive the prize will not bo 
allowed to print his memoir, either separately or in another work, without the 
express authorization of the society. 
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AND ABTS OF BOBDEADI. 



QaeetiooB snbmitted to competition for 1869 or following years: 

I. lAieraJtwrt. — ''Has a theatrical oensorsbip been promotive of the morality 
of the art f What legislative measures wonld be suitable for protecting at once 
the liberty of anthors and the respect for good morals f Prize, a gold medal of 
400 francs. 

II. lf«$tt)r9f.-^First, ''A histoiy of the parliament of Bordeaux, from its origin 
to the end of the 16th century, with especial consideration of its influence as a 
political body and as a judicial body." Prize, a medal of gold of 500 francs. 
Second, '' Ongin of villanage and forced aids in Gnienne, and the progress of 
their establishment." Prize, a gold medal of 200 francs. Third, ''It would be 
interesting to have a particular history of several dties of our country, such as 
Saint Macaire, Cadillac, Sanveteire, Rions, Bazas, Lesparre, and *8ome others." 
The Academy will award, in 1869 and 1870, aprize^ which may amount to 500 
francs, for a monograph of this kind in which personal matters and, as far as 
possible, the use of documents not hitherto explored shall be allied with compe- 
tent qualifications of exactness and judgment. Fourth, " Among the institu- 
tions which have contributed to the honor and prosperity of the province of 
Guienne and the city of Bordeaux, the establishments of public instruction hold 
the first place ; it is impoBsible to forget the services rendered by the college 
of Guienne, and, more recently, by the central school of the department." The 
Academy will award a gold medal of 300 francs to the best memoir which shall 
retrace the history of one of these establishments, or any analogous one ; this 
thesis is proposed for 1869. 

III. lAngvi^ikcs.^^i is desirable to have a general glossary of the Gascon 
tongue spoken in our department. In order to be complete it must comprise not 
only the synonyms and equivalents, but frirther and more especially the varia- 
tions of words m the difierent dialects of the country. The compilation of such 
a work, however, can only be possible on the condition of having been preceded 
by the publication of special glossaries, embracing localities of more or less 
extent, bat so restricted, nevertheless, that one single author may possess the 
dialect completely and exactly. The Academy solicits studious persons to direct 
their inquiries to this point before the use of the French language, becoming 
more and more general, shall have caused the last Vestiges of these old idioms 
to disappear. Hence, the Academy proposes the following subject : " To com- 
pile, for the Gascon language, spoken in tbe department of the Gironde, a lexicon 
which, to an exact and sufficientlv complete nomenclature of the words of a given 
locality, shall add the precise explanation of those words alike in their acceptation 
in common usage and in the idioms, adages, proverbs, agricultural by-words« 
Christmas carols and old songs in which they have been employed." Prize, a gold 
medal of 300 francs. 

IV. ^h^sicaJi sciences. — ^" A recapitulation of the consequences to which the 
ideas acquired, within a quarter of a century, on the equivalence of heat and 
mechaniciEd work have led, whether in physics or in chemistry." Prize, a gold 
medal of 300 francs, which may be raised to 500 francs in case the production 
shall contain new facts. " A recapitulation and discussion of the facts "acquired 
by science regarding the production and the consumption of forces in living 
beings." Prize, a gold medal of 500 francs. C^nr\o]c^ 
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y. Natural sciences. — ''The oonstraction of aquanums has enabled as to 
stady the habits of a great number of animals. The basin of Axcachon having 
aheady been the scene of interesting investigations, the Academy desires that 
researches of this nature should be continued." To that end it proffers a prize 
of 500 francs. 

Fauna qf the Oironde.^^The department of the Gironde possesses catalogues 
more or less complete of its vertebrate animals, its testaceous moUnsks, coleop- 
tera, lepidoptera, &c. ; but this fiftuna, far advanced as it is, is wholly wanting in 
any collective review of the marine animals belonging to the inferior orders. 
Considering that in defect of rocky coasts our department includes at least a vast 
estuary (the basin of Arcaohon) lughly favorable to the study of a great number 
of these different organisms, the Ao^emy would indicate the following as a desid- 
eratum : '' The preparation of catalogues of the crustaoea, annelid®, radiata, &o., 
which are still deficient in the fauna of the department of the Gironde ; to be 
.accompanied by figures of new or little known spedes." Prise, a gold medal of 
500 francs. 

YI. PhifsMogy. — ^The Academy having had the pleasure of crowning a meri- 
torious memoir on a subject which it baa. proposed under this head, hopes to 
obtain a like gratifying result bv presenting the following questions at once of 
scientific and praotioil interest and worthy of ezcitinff the emulatioii of our savants : 
First ^'A study of the anatomical and phvsiologioal relations which exist 
between the nervous cellules of the primitive fibers, sensitive and motive. The 
application of these researches to the stady of reflex and svmpathetic aotiona." 
Pnze, a gold medal of 300 francs. Second* '^Physiological and therapentio 
effects of the in^esta which excite to labor and vigilance, which supply in part 
the place of aliments, and some of which are recognized as moderators of the 
vital combustion, such as alcohol, coffee, tea, mat6, cocoa, ftc." The prize will 
be a gold medal of 300 francs. 

VII. 1^291^ arts. — '^ State and tendency of religious architecture at the present 
qxMsh." Prize, a gold medal of 300 francs. '^ History of painting at Bor- 
deaux." Prize, a medal, the value of which may extend to 500 francs. 

YIII. Poetry. — ^The competition in poetry is subject to the conditions hereto- 
fore prescribed, and the choice of the subject remains optional with the author. 

IX. Biographical notices. — ^As in previous years, the Academy invites bio- 
graphical notices of the celebrated or useful men who have belong^ either to the 
province of Guienne or to the department ^'Idfe and works of Biasoassat.'' 
Prize, a gold medal of 300 francs. 

X. Archeology. — ^'Monoffxaph of the church of Saint Michel of Bordeaux, 
with historic documents, pkns and designs." Prize, a medal of 500 francs. 
*- For the best memoir on the history of the churoh of Soulac, corroborated by 
plans, designs, and an indication of the original or printed documents consulted 
by the author." Prize, a gold medal of 300 francs. The Aoademy desiring 
to encourage archeological researches in the department of the Gironde, awards 
also fnedals qf encouragement to the authors of the most important researchee. 

XI. Hydrology.-^T]ie question of artesian excavations 1^ been theoreticaUy 
treated for some isolated points of the vast basin of Aquitaine in the various 

Sublications and academic communications of MM. de Gollegno^ de Lamothe, 
acquot, and Raulin ] it has been also eoi^perimentally solved by several success- 
ful trials made in the department. Many municipal administrations are, at this 
moment, asking for instructions on the chances of success which thinr localities 
offer for such enterprises. The Academy allying itself with this movement, 
proposes the following : '^ A discussion of the quesUon of artesian borings in a 
general manner for Aquitaine, upon the data which geology furnishes with respect 
to the ground-slope of the aquitanic basin, its orographic characters and the levels 
of absorption of water presented by the different embanking rocks of its bor- 
ders." Prize, a gold medal of 500 francs. 
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Conditions qf compeHHon. — ^The articles proposed for competition must fdlfil 
the foUo^^dng conditions : Be written in French or Latin ; be received at the seo- 
retariat of the Academv, rue Jean-Jacques Bel, before the 3lBt October, 1869 or 
1870, as indicated in tne programme ; be free of postage : neither be signed by 
the author nor contain any indication by which he can oe known ; they shall 
bear an epigraph, which shall be repeated in a sealed note annexed to the article 
to which it belongs. This note, besides the epigraph, shall contain the name 
and address of the author, with the declaration that it has never been printed, 
offered for competition, or communicated to any academic society. An article 
proceeding from any author whose name shall be previously disclosed, will, from 
that circumstance alone, be excluded from competition. This condition is rigor- 
ous. The sealed notes will not be opened except in the case when an academic 
recompense shall have' been obtained. From the observation of the above 
formalities are exempt, the productions of aspirants to medals of encourage- 
ment, and to prizes for obtaining which, local researches or the statement of 
experiments performed by the authors themselves shall be essential. Compe- 
tition is open to both foreigners and natives, even to such of the latter as per- 
tain to the Academy by the title of corresponding members. 

Extract from the regulations of tJte Academy, — ^As soon as the Academy has 
rendered its decision, if there be prizes or honorable mention to be conferred, the 
president proceeds, in general assembly, to the opening of the sealed notes 
annexed to the prize essays. The notes pertaining to others are detached from 
the memoir, sealed by the president, and preserved by the archivist. The 
authors of the prize essays are immediately iziformed of the decision of the A<?ad- 
emy* and those decisions are made public. The manuscripts and all the docu- 
mentary papers of whatever nature, addressed to the Academy, remain in the 
archives after being marked with the initials and paraph of the president and 
secretary-general, and can in no case be removed. As the Academy, however, 
asserts no right of property over the papers, their authors may cause copies to be 
taken from the archives, after first proving that these productions belong to 
them. Independently of the prices of which the subjects are named in the 
annual programme, the Academy bestows medals of encouragement on the 
anthers who address to it works of real merit, and on persons who send to it doc- 
uments on the different branches of science, letters and art. It may likewise 
award a prize to the corresponding member who shall have best merited it by 
the utility of his communications and the importanoe of the labors which he 
shall have submitted to it 

BOUX, President. 

VALAT, Secretary-General. 
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I 
A BRIEF ACCOUNT OF THE PROCESSES EMPLOYED IN THE ASSAY OF GOLD 

AND SILVER COINS AT THE MINT OF THE UNITED STATES. ; 



VIUNH THE AKHUAL REPORT OF JAMES POLLOCK, DIRECTOR. 



PRINCIFLB8 OF THE OPERATION. 

According to law, the standard gold of the United States is so constituted 
that in 1,000 parts by weight 900 shall be of pure gold, and 100 of an alloy 
composed of copper and silver. 

Tne process of assay requires that the copper and silver be both entirely 
removed £:om the ^old ; and to effect this, two separate operations are necessary. 

The first is for me removal of the copper ; and this is done by a method called 
cupettatiafif which is conducted in an assay furnace in a cupel composed of cal- 
cined bones. To the other metals, lead is added ; this metal possesses the' prop* 
erties of oxidizing and vitrifying under the action of heat, of promoting at the 
same time the oxidation of the copper and other base metals, and of drawing 
with it into the pores of the cupel the whole of these metals, so as to separate 
entirely this part of the alloy, and to leave behind the gold and silver only. 

The separation of the silver from the gold is effected by a process founded on 
the property possessed by nitric add of dissolving silver without acting upon 
gold. But tnat the gold may not protect the silver from this action, sifficient 
silver must first be added to make it at least two-thirds of the mass. The pro- 
cess to be described is based upon the rule of quartoHony in which the propor- 
tion of silver is three-fourths. 

PROCESS 07 ASSAY. 

The reserved gold coins are placed in a black-lead crocible, and covered witb 
borax to assist the fluxing and to prevent oxidation of the copper alloy. They 
are thus melted down and stirred; by which a complete mixture is effected, so 
that an assay piece may be taken from any part of the bar cast out The piece 
taken for this purpose is rolled out fpr convenience of cutting. It is then taken 
to an assay balance (sensible to the ten-thousandth of a half gram or less,) 
and from it is weighed a half g][am„ which is the normal assay weight for gold 
bein^ about 7.7 grains troy. This weight is stamped 1000 ; and all the lesser 
weights, (afterwards brought into requisition,} are decimal divisions ef this 
weighty down to one ten-thousandth part 

Silver is next weighed out for the quartation ,* and as the assay-piece, if stand- 
ard, should contain 900 thousandths of gold, there must be three times this 
weight, or 2700 thousandths of silver; and this is accordingly the quantity used. 
It is true that there is already some silver in the alloy, but a little excess over 
the quantity required for the quartation does no injury to the process. 

The lead used for the cupellation is kept prepared in thin sheets^ cut into 
'square pieces, which should each weigh about ten times as much as the gold 
under asse^. 

The lead is now rolled into the form of a hollow cone ; and into this are in- 
troduced the assay gold and the quartation silver, when the lead is closed round 
them and pressed into a ball. 

The furnace having been properly heated^ and the cupels placed in it and 
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biODgbt to tbe same temperature, the leaden ball, with its oontents, is pat into 
one of the capels, the furnace closed, and the operation allowed to proceed until 
aU agitation is ceased to be observed in the melted metal and its surface has. 
become bright. 

This is an indication that the whole of the base metals have been converted 
into oxides and absorbed by the cupel. 

The cupellation being thus finished, the metal Is allowed to cool slowly, and 
the disk or button which it forms is detached from the cupel. 

The button is then flattene^by a hammer; is annealed by bringing it to a 
red heat; is laminated by passing it between rollers; is again annealed; and is 
rolled loosely into a spiral or coil called a comet. It is now ready for the pro- 
cess of quartation. 

For this purpose, it is introduced into a matrass containing abont H ounces 
of nitric acid at 22^ of Baum^s hydrometer, and in this acid it is boil^ for 10 
minutes, as indicated by a sand-glass. 

The acid is then poured off, and three-fourths of an ounce of stronger acid, at 
32% is substituted for it, in which the ^old is boiled for 10 minutes. 

This second acid is then also poured off, and another equal charge of aoid of 
the same strength is introduced, in which the gold is kept for 10 minutes longer. 

It is then presumed that the whole of the silver has been removed, and the 

fold is taken out, washed in pure water, and exposed, in a crucible, to a red 
eat, for the purpose of drying, strengthening, and annealing it. 
Lastly, the comet ol fine gold thus formed is placed in the assay balance, and 
the number of thousandths which it weighs expresses the fineness of the gold 
assayed, in thousandths* 

T^ST ASSAY. 

To test the accuracy of this process, the following method is employed : 
A roll of gold, of absolute purity, which has been kept under tne seal of the 
chairman of the assay commissioners, is opened in their presencCi and from it is 
taken the weight of 900 parts. To this are added 75 of copper and 25 of silver, 
so as to form, with the gold, a weight of 1000 parts of the exact legal standard. 
This is passed through the same process of assay as the other gold, and at 
the same time. After the assay is fimshed, it is evident that the pure gold re- 
maining onght to weigh exactly 900. If, however, from any cause, it be found 
to differ from this weight, and therefore to require a correction, it is assumed 
that the same coirection must be made in the other assays, and this is done ac- 
cordingly. 



ASSAY OF SILVEB COINS, 

PBINCIPLBS OV IhB OPBRATION. 

The standard silver, of the United States is so constituted that of 1000 partd 
by weight 900 shall be of pure silver, and 100 of copper. 

The process of assay requires that the exact proportion of silver in a given 
weight of the compound be ascertained, and this is done by a method called the 
humid assayj whicn may be explained as followa: 

The silver and copper may both be entu-ely dissolved in nitric acid ; and if to 
a solution thiis made another of common salt in water be added, the silver will 
be precipitated in the form of a white powder, which is an insoluble chloride^ 
while the copper will remain unaffected. 

Now it has been ascertained that 100 parts by weight of pure salt will cou- 
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vert into chloride of gflver just 184.25 parts of pure diver; cottsequentlj the 
quantity of salt necessary to convert into chloride 1000 parts of silver is 5A2,7i, 
as found by the proportion-^ 

184.25 : 100 : : 1000 : 542.74. 

A standard solution of salt is accordingly so prepared as that a given measure 
^be French decilitre) shall contain 542.74 diousandths of a gram of salt. 
The normal weight employed for silver assays is the gram, (equal to about 
15.4 troy grains,) which is marked 1000, and has its subdivisions, in practical 
weighings, to the half or quarter thousandth. 

Besides this standard solution, which effects the main precipitation of chloride 
of silver, ther^ is a decimal solution, of one-tenth the proportion of salt, which 
it is expedient to use for the leaser and final precipitations. 

In the mode of assay under consideration, it is necessaiy that the portion of 
alloyed silver used shall contain as nearly as may be 1000 parts of pure silver. 
The rigid standard requires that of 1000 parts by weight 900 shall be of pure 
silver ] but the law allows a variation from this ratio, provided that it do not 
exceed three thousandths. The fineness may, therefore, be as low as 897, and 
as high as 903. In the practice of the assay, it is found most convenient to 
assume the lower extreme. Now, the weight of metal of the fineness 897, which 
would contain 1000 parts of silver, is 1 114.83, as found by the proportion — 

897 : 1000 : : 1000 : 1114.83. 

The nearest integer to this number is employed, and the wrfght of metal 
taken for the assay is 1115. 

PROCESS OF ASSAY. 

The reserved silver coins are melted together in a black-lead crucible, with 
tlie addition of fine charcoal within the pot, to prevent oxidation, and to allow 
of dipping out. After stirring, a small portion of the fluid metal is poured 
quickly into water, producing a granuloHoih from which the portion for assay is 
taken. As this differs from the mode pursued with gold, it must be spedally 
noted that in the case of silver alloyed with copper tiiere is a separation, to a 
greater or less degree, between the two metals in the act of gradual solidifica- 
tion. Thus an ingot cooled in a mould, or any single coin cut out of such ingot, 
though really 900 thousandths fine on the average, will show such variations, 
according to the place of cutting, as might even exceed the limits allowed by 
law. This fact has been established by many experiments, both in this mint 
and the mint of Paris, since the enactment of our mint law ; and it possesses the 
stubbornness of a law of chemistry. But the sudden chill produced by throwing 
the liquid metal into water yields a granulation of entirely homogeneous mix- 
ture, and it can be proved that the same fin^iess results, whether by assaying a 
single granule, or part of one, or a number together. 

From this sample the weight of 1] 15 thousandtlto is taken, which is dissolved 
in a glass bottle with nitric add. 

Into this solution the large pipette-full of standard solution of salt is intro- 
duced, and it producesjmmemately k white precipitate, which is chloride of silver, 
and which contains, of the metallic silver, 1000 parts. 

To make this chloride subside to the bottom of the vessel and leave the liquid 
dear, it is necessaiy that it be fiolently shaken in the bottle ; and this is aooord- 
ingly done by a mechanical arrangement, for the necessary time. 

unless the coins have chanced to be below the allowable limit of standard, 
the liquid will still contain silver in solution, and accordingly a portion of the 
decimal solution is introduced from the small pipette, capable of predpitating a 
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thoQsandth of ffllyer, and a white doad of chloride will show itself. Hiore doaes 
are added if the indicatioiM require it. 

The liqnid is again shilken and cleared ; and the process is thus repeated 
until the addition of the salt water shows only a fiabt trace of chloride below 
the upper surface of the Ijquid. 

Let us suppose, for the sake of an'example, that three measures of the decimal 
solution have been used with effect. This will show that the 1115 partn of the 
coin contained 1003 of pu/e silver ; and thus the proportion of pure silver in the 
whole alloyed metal is ascertiuned. 

TB8T ASSAY. 

For the foregoing process to be exact, it is necessary that the saline solution 
be of the true standard strength, or be such that the quantity of it, measured in 
the large'pipette, shall be just sufficient to precipitate 1000 parts of silver. This 
cannot be assumed without proof, and a test assay is accordingly made as fol- 
lows: 

A roll of silver, known to be of absolute purity, is kept from year to year, in 
an envelope, under the seal of the chairman of the assay commissioners. This 
being opened in their presence, a portion of the silver is taken, and 1004 parts 
carefully weighed off and submitted to the process of assay described above. If 
the salt water used be of the exact standard, it is evident that as the solution im- 
the larger pipette will precipitate 1000 parts of silver, four measures of the deci- 
mal solution will be required to precipitate the remaining four parts. 

But as the normal or standard solution is affected, from day to day, by idianges 
of temperature or other influences, the finishing dedmal doses may be more or 
fewer j and the other assays are to be eorrected by the proof-piece accordingly. 

CALCULATION 07 FINENESS. 

By the assay thus corrected, the number of parts of silver contained in 1115 
of the metal under trial is ascertained ; and the fineness, in thousandths, is thei^ 
found by the proportion : As 1115 is to the number of parts of fine silver, so is 
1000 to the fineness of the alloyed silver, in thousandths. 

Thus, if the assay show the presence 1005^ parts of fine silver, the fineness 
€i the alloyed silver wiU be 901.8 thonsarodths, as found by the proportion— 

1115 : 1005.5 : : 1000 : 901.79. 

It is on this principle that the following table is oonstructed. The nnmbcn 
at the top and the fieactions at the side correspond to the measures of the dedmal 
solution used, corrected by the test assay. The numbers in the body of the tables 
show the oorresponding fineness of the assay-piece, of which the weight was 1115 
parts: 








1 


2 


3 


4 


5 


6 







896.9 


897.7 


898.6 


899.6 


900.4 


901.3 


902.2 


\ 


i 


897.1 


898.0 


898.9 


899.8 


900.7 


901.6 


902.5 




i 


897.3 


8^8.2 


899.1 


900.0 


900.9 


901.8 


902.7 




i 


897.5 


898.4 


899.3 


900.2 


901.1 


902.0 


902.9 

JUyGo 


OQle 



426 ASSAY OF GOLD AND SILVEB COINS. 

In the testing of single pieces it is to be expected that any gold coin^ or a cut 
from any cart thereof, will conform fEuthfoUy to the bonnds preecribed by law. 
But the silver coins, in addition to the sonrce of enor already pointed oat, (the 
manner of taking assay samples,) are somewhat liable to show too high a result^ 
from several causes. At certain grades of alloy, and especially the standard of 
900, the gradual cooling of ingots will draw' the better metal to the interior, and 
the worst towards the exterior and the edges. Hence the fineness of pieces cut 
off the central part of the ingot is higher than the avefage fineness of the ingot. 
Again, in casting ingots from a meltmg-pot the exposore of the metal to the air 
during all the time of dipping out, and at the same time the increase of heat 
towards the bottom of uxe pot, unavoidably prodnces a progressive refining, so 
that the lower ingot is of a higher quality mm the average of the whole melt; 
and, of course, a coin cut* from it will be higher still. Yet with the precaudons 
observed, our silver coins should very rarely exceed the superior limit assi^ed 
by law; and there is no good reason why they should faH below the legal lunit, 
unless it be the taking of an unfair sample for assay. 



A STATEMENT OF FOREIGN GOLD AND SILVER COINS, PRE- 
PARED BY THE DIRECTOR OF THE MINT, TO ACCOMPANY 
HIS ANNUAL REPORT, IN PURSUANCE OF THE ACT OP 
FEBRUARY 21, 1857. 

BXPLANATOBT RBMARXS. 

The first column embraces the names of the countries where the coins are 
issued ; the second contains the names of the coin, only the principal denominar 
tions being given. The other sizes are proportional ; and when this is not the 
ease, the deviation is stated. * 

The third column expresses the weight of a ungle piece in fractions of the 
troy ounce carried to the thousaiidth, and in a few cases to the ten thousandth* 
of aii ounce. The method is preferable to expressing the weight in grains for 
commerdal purposes, and corresponds better with the terms of the mint. It may 
be readily tran^erred to weight in grains by the following rules : Remove the 
decimal point ; from one-half deduct four per cent of that hab^ and the remain- 
der will be grains. 

The fourth column expresses the fineness in thousandths, i. «. the number of 
parts of pure gold or silver in 1000 parts of the coin. 

The fifth and sixth columns of the first table express the valuation of gold. 
In the fifth is shown the value as compared with the legal contents, or amount 
of fine gold in our coin. In the sixth is shown the value as paid in the mint, 
after the uniform deduction of one-half of one per cent. The former is the value 
for any other purposes than re-coina^e, and especially for the purpose of com- 
parison ; the latter is the value in exdianffe for our coins at the mint. 

For the silver.there is no fixed legal vcJuation, the law providing for shifting 
the price according to the condition of demand and supply. The present price 
of standard silver is 122^ cents per ounce, at which rate the values in the fifth 
column of the second table are calculated. In a few cases, where the coins could 
not be procured^ the data are asstmed from the legal ratesy and so stated. 
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Coimtfy. 



DenominatSoiis. 



Weight. 



flneneM. 



Yalae. 



Yal. afWr 
Deduct'ii. 



Anstrtlia 

Australia 

Austria 

Austria 

Austria 

Belffium 

BoUVia 

Bnudl 

Central America. 
Central America. 

Chili 

ChiH 

Denmark 

Ecuador ...... . 

England 

England 

France 

France 

Qe^nianj, north. 
Germany, north. 
Germany, north. 
Germany, south. 

Greece 

Hindostan 

Italy 

JlkpAn 

Japan., 

Mexico 

Meidco 

Mexico 

Naples. 

Netherlands .... 
New Granada... 
New Granada... 
New Granada... 

Peru 4..... 

Peru 

Portuffal: 

Pmssm 

Bome... 



Spain.... 
Spain «... 
Sweden .. 
Tunis ..« 
Turkey .- 
Tuscany < 



Pound of 1852 

Sovereign of 186&-'60 

Ducat 

SoTerei|p 

New UmoQ Coiib— assumed. 

25 Francs 

Doubloon 

20Mih»is 

2Escudos 

4Bea|s 

Old Doubloon 

10 Pesos 

10 Thaler 

4£soudos.. 

Pound or Sovereign, new.. 
Pound or Soverei^ aye'ge. 

20 Francs, new 

20 Francs, average 

10 Thaler 

10 Thaler, Prussian 

Krone (Crown) 

Ducat 

20 Drachms 

Mohur 

20 Lire 

Old Cobang 

Old Cobang 

Doubloon, average 

Doubloon, new 

20 Pesos (Max.) 

6Ducati, new 

10 Guilders 

Old Doubloon, Bogata. .... 
Old Doubloon, Popayan.., 

10 Pesos ^ 

Old Doubloon 

20 Soles.. 

Gold Crown 

New Crown— assumed . . . . . 

2i Scudi, new 

5 Boubles 

100 Reals 

eOBeals 

Ducai 

25 Piastres , 

100 Piastres , 

Seguin 



Ozi Dec. 

0.281 

0.256.5 

0.112 

0.363 

0.357 

0.254 

0.867 

0.575 

0.209 

0.027 

0.867 

0.492 

0.427 

0.433 

0.256.7 

0.256.2 

0.207,6 

0.207 

0.427 

0.427 

0.357 

0.112 

0.185 

0.374 

0.207 

0.362 

0.289 

0.867.5 

0.867.5 

1.066 

0.245 

0.215 

0.868 

0.867 

0.525 
10.867 

1.055 

0.308 

0.357 

0.140 

0.210 

0.268 

0.215 

0.111 

0.161 

0.231 

0.112 



T%ow$, 

916.5 

916 

986 

900 

900 

o99 

870 

917.5 

853.5 

875 

870 

900 

895 

916.5 
916 



895 

903 

900 

986 

900 

916 

898 

568 

572 

866 

870.5 

875 

996 

899 

870 

858 

891.5 

868 

898 

912 

900 

900 

916 

896 

869.5 

875 

900 

915 



15.32.4 

4.85.7 

2.2a3 

6.75.4 

6.64.2 

4.72 

15.59.3 

10.90.6 

3.68.8 

0.48.8 

15.59.3 

9^15.4 

7.90 

7.55.5 

4.86.3 

4.85.1 

3.85.8 

3.84.7 

7.90 

7.97.1 

a64.2 

2.28.2 

3.44.2 

7.08.2 

3.84.3 

4.44 

3.57.6 

15.53 

15.61.1 

19.64.3 

5.04.4 

3.99.7 

15.61.1 

15.37.8 

9.67.5 

15.55*7 

19.21.3 

5.80.7 

a64.2 

2.6a5 

a97.6 

4.96.4 

3.86.4 

2.23.7 

2.99.5 

4.36.9 

2.31.3 



$5.29.7 

4.83.3 

2.27 

6.72 

6.60.9 

4.69.8 

15.51.5 

iO.85.1 

3.66.9 

0.48.6 

15.51.5 

9.10.8 

7.86.1 

7.51.7 

4.83.9 

4.82.7 

3.83.9 

3.82.8 

7.86.1 

7.93.1 

6.60.9 

2.27.1 

3.42.5 

7.04.6 

3.82.3 

4.41.8 

3.55.8 

15.45.2 

15.53.3 

19.54.5 

5.01.9 

3.97.6 

15.53.8 

15.30.1 

9.62.7 

15.47.9 

19.11.7 

5.77.8 

6.60.9 

2.59.2 

3.95.7 

4.93.9 

3.84.5 

2.22.6 

2.96.1 

4.34.8 

2.30.1 
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Austria, 

Austria 

Austria.... 

Austria 

Austria 

Austria ......••. 

Belffium ........ 

Bolivia 

BoUvia 

BrasU 

Canada 

Central Ameriea. 

CbiU 

ChiU 

China 

China 

Denmark 

England 

England 

iViuice 

Franee 

Germany, north . 
Germany, north. 
Germany, south . 
Germany, south . 

Greeoe 

Hindostan 

Japan 

Japan 

Mexico 

Mexico 

Mexico 

Naples 

Neuierlands 

Norway 

New Granada. ... 

Ptera 

Peru 

Peru 

Peru 

Prusna 

Prussia 

Borne 

Russia 

Sardinia ...... .. 

Spain 

Sweden •••. 

Switzerland 

Tunis 

Turkey 

Tuscany..*. 



Denominations. 



Old Bi3^ Dollar 

Old Sendo 

Florin before 1658 

New Florin 

New Union Dollar 

Maria Thmesa Dollar, 1780*. 

5 Francs , 

New Dollar 

Half Dollar 

Double Milieis 

30 Cents 

DoUar 

Old Dollar 

New DoUar 

DoUar, (EngUsh)— assumed.... 

10 Cents 

8 Riffsdal^ 

I^lluig, new.. •.•.••.. 

Shilling, average 

5 Franc, average 

2 Franc 

Thaler before 1857 .. 

New Thaler 

Fk)rhibefoi«1857.... 

New Florinr-assumed 

5 Drachms 

Rupee • 

Itsebu • 

New Itaebn... 

Dollar, new 

Dollar, average 

Ptoo of Maximilian 

Scudo 

SiQuUders 

Specie Daler 

Dollar of 1857 

Old Dollar 

Dollar of 1858 

Half DoUar 1835 and 1888 ... 

Sol 

Thaler before 1857 

New Thaler 

Scudo 

Rouble , 

5Li» 

New Pistanen 

Rix Dollar .,.., 

2 Francs 

5 Plasties 

20 Piastres 

Florin 



Weight. 



Oz. Dec. 

0.902 

0.836 

0.451 

a307 

0.596 

0.895 

0.803 

0.643 

0.432 

0.820 

0.150 

0.866 

0.864 

9.801 

0.866 

0.087 

0.927 

a 182. 5 

0.178 

^.8oo 

0.390 

0.712 

0.596 

a840 

0.340 

0.719 

0.374 

0.279 

a279 

0.867.5 

0.866 

0.861 

0.844 

0.804 

0.927 

0.803 

0.866 

0.766 

0.438 

0.802 

0.712 

a595 

0.864 

0.667 

0.800 

0.166 

0.092 

0.323 

0.511 

0.770 

0.220 



Fineness. 



Yidue. 



833 
902 
833 
900 

9oa 

838 

897 

903.5 

607 

918.5 

925 

850 

908 

900.5 

901 

901 

877 

924.5 

925 

900 

835 

750 

900 

9oa 

900 

9oa 

916 
991 

89a 

903 

901 

902.5 

830 

944 

877 

^96 

901 

909 

660 

900 

750 

90a 

900 

875 

9oa 

890 

750 

899 

898.5 

830 

925 



tl.02.3 

1.02.6 

51.1 

48.6 

73.1 

1.02.1 

98 

79.1 

39.8 

1.02.5 

18.9 

1.00.8 

1.06.8 

98.2 

1.06.8 

10.6 

1.10.7 

23 

22.4 

98 

36.4 

72.7 

72.9 

41.7 

41.7 

88.1 

46.6 

37.6 

33.8 

1.06.6 

1.06.8 

1.05.5 

95.3 

1.03.3 

1.10.7 

98 
1.06.8 
94.8 
88.3 
98.8 
72.7 
72.9 
1.05.8 
79.4 
98 
80.3 
11.6 
39.5 
62.5 
87 
27.6 
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A. Jonmal of proceedings of the regents of tSie Sn^thsoniaii Institation, at 
tbe city of Washington, beginning on the first Monday of September, 1846. 
1846. 8vo., pp. 32. 

B. Beport of the organization committee of the Smithsanian Institution, with 
the resolutions accompanying the same and adopted by the Board of Begents ; 
also, the will of the testator, the act aoeepting the beqnest, and the act organiz- 
ing the Institution. Published by authority of the Board of Begents. 1847. 
Svo., pp. 32. 

G. Digest of the act of Congress estaUishing the Smithsonian Institution. 
Passed August 10, 1846. 8vo., pp. 8. 

D. Address delivered on occanon of laying the comer stone of the Smithson- 
ian Institution, May 1, 1847. By Greorge M. Dallas, chancellor of the Institu- 
ti(m. 1847. 8vo., pp. 8. 

E. Smithson's bequest Professor Henry's exposition, before the New Jer- 
sey Historical Society, at its meeting in Princeton, on Wednesday, September 
27, by invitation from the executive committee. 1847. 8vo, pp. 8. 

F. First report of the secretary of the Smithsonian Institution to the Board of 
Begents; giving a programme of organization, and an account of the operations 
during the year. Presented December 8, 1847. 1848. 8vo., pp. 48. 

0. Beport from the Board of Begents, submitted to Congress, of the opera- 
tions, expenditures, and condition of the Smithsonian Institution. Bead and 
ordered to be printed, VLaich 3, 1847. Senate Doc. 211; 29th Congress^ 2d 
Session. 1847. 8vo., pp. 38. 

H. Second report of the Boaid of Begents of the Smithsonian Institation, to 
the Senate and House of Bepresentatives» showing the operations, expenditures, 
and condition of the Institution during the year 1847. Januazy 6, 1848, ordered 
to be printed. 30th Congress^ Ist Session. Senate Miscellaneous No. 23. 

1848. 8vo., pp: 208. 

1. Third annual report of the Board of Begents of the Smithsdnian Institu- 
tion to the Senate and House of Bepresentatives, showing the operations, e^qpen- 
ditores, and condition of the Institution, during the year 1848. February 19, 

1849, ordered to be printed. 30th Oongress, 2d Session. H. B. Miscellaneous 
No. 48. 1849. 8vo., pp. 64. 

J. Programme of organization of the Smithsonian Institution. [Presented in 
the first annual report of the secretary, and adopted by the Board of Begents, 
December 13, 1847.] 1847. 4to.,-pp. 4. 

K. Correspondence relative to the acceptance for publication of the ethno- 
logical memoir of Messrs. Squier and Davis. 8vo., pp. 8. 
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L. [First] Report of the organization committee of tbe Smithsonian Instita- 
tion. Reprinted &om the National Intelligencer, December 8, 1846. Svo., pp. 8. 

.M. Reports, Etc., of the Smithsonian Institation, exhibiting its plans, opera- 
tions, and financial condition np to Janoaiy 1, 1849. From the third annual 
report of the Board of Regents. Presented to Congress Febroary 19, 1849. 
1849. 8vo., pp. 72. 

N. Officers and Regents of the Smithsonian Institation, with the act of Con- 
gress accepting the bequest, and the act incorporating said Institution. 1846, 
8vo., pp., 14. 

0. An act to establish the Smithsonian Institation. pp. 8. 

P. Hints on public arohitecture, containing, among other illustrations, yiewB 
and plans of the Smithsonian Institution: together with an appendix relative to 
building materials. Prepared, on l^ehalf of the building committee of the Smith- 
sonian Institution, by Robert Dale Owen, chairman of the committee. 1849. 
4to., pp. 140, 15 plates and 99 woodcuts. 

Q; Check list of periodical publications received in the reading-room of the 
Smithsonian Institution, for the year 1853. 1853. 4to., pp. 28. 

REGULAR SERIES. 

1. Ancient monuments of the Mississippi valley : comprising the results of 
extensive original surveys and explorations. By E. O. Sqnier, A. M., and £. H. 
Davis, M. D. Accepted for publication by the Smithsonian Institution, June, 
1847. 4to., pp. 346, 48 plates and 207 woodcuts. (S. C. i.) 

2. Smithsonian Contributions to Knowledge. YoL I. 1848. 4to., pp. 346, 
48 plates and 207 woodcuts. 

COHTEHTS. 

(1.) Sqnier and Daris, Andent monuments, Iflttifleippi valley. 

3. Researches relative to the planet Neptune. By Sears 0. Walker, esq. 
[1850.] 4to., pp. 60. (S. C. II.' 

4. Ephemeris of Neptune for the opposition of 1848. By Sears 0. Walker, 
esq. 1849. 4to., pp. 8. 

5. Appendix I. to vol. II. of the Smithsonian Contributions to Knowledge. 
[Ephemeris of the planet Neptune for the date of the Lalande observations of 
Hay 8 and 10, 1795, and for the^ opposition of 1846, '47, ^48, and '49. By 
Sears C. Walker, esq. April, 1849.] 4to., pp. 32. (S. C. n.) 

6. Appendix II. to vol. II. of the Smithsonian Contributions to Knowledge : 
containing an ephemeris of the planet Neptune for the year 1850. By Seais G. 
Walker, esq. [April, 1850.] 4to., pp. 10. (S. C. n.) 

7. Appendix III. to vol. II. of the Smithsonian Contributions to Knowledge : 
Ephemeris of the planet Neptune for the year 1851. By Sears C. Walker, esq. 
Peceiftber, 1850.] 4to., pp. 10. (S. C. n.) 

8. Occultations visible in. the United States during the year 1848. [By John 
Downes.] 1848. 4to., pp. 12. 

9. Occultations visible in the United States during the year 1849. Computed 
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nncJer the diieotion and at the ezp^ose of the Smithaoniazi Institation. By John 
Downes. 1848. 4to., pp. 24. 

10. Occnltatioiis visible in the United States dming the year 1850. Oom- 

pated by John Downey, at the expense of the fund appropriated by Congress for 

the establishment of a Nautical Almanac, and pnblished by the Smithsonian 

Institution. 1849.. 4to., pp. 26. 

These three papen by Mr. Downes, Nos. 8, 9, 10, were not pabUsfaed hi the seriis of 
ContributionyB. 

11. Occaltations visible in the United States during the year 1851. 0am- 
puted by John Downes, at the expense of the fund appropriated by Oongresa for 
the establishment of a Nautical Almanac, and published by the Smithsoidan 
Institution. [October,} 1850. 4to., pp. 26. (8. C. n.) • 

12. On the vocal sounds of Laura Bridgeman, the blind deaf mute at Boston } 
compared with the elements of phonetic language. By Francis Lieber. [18511.] 
4to., pp. 32, and one plate. (S. 0. n.) 

13. Contributions to the physical geography of the United States. Part L 
On the physical geography of the Mississippi valley, with suggestions for the 
improvement of the navigation of the Ohio and other rivers : By Charles £llet» 
jr., civil engineer. Received September 17, 1849. [1850.] 4to., pp. 64» 
and 1 plate. (S. C. n.) 

14. A Memoir on Mosasaurus, and the three allied new genera, HctcoduSj 
Canosaurusy and Amphorosteu$. By Brobert W. Gibbes, M. D. Received 
November 15, 1849. [November, 1850.] 4to., pp. 14, and 3 plates. (S. C. n.) 

15. Aboriginalmonamentsof the State of New York. Comprising the results 
of original surveys and explorations ; with an illustrative appendix. By E. G. 
Squier, A. M. Accepted for publication, October 20; 1849. [1850.] 4to., pp* 
188, 14 plates and 72 woodcuts. (S. C. n.) 

16. The classification of insects from embryological data. By Professor 
Louis Agassiz. [Presented to the American Association for the advancement of' 
sdence, at Cambridge, August, 1849.] Received March 6; 1850. [1850.] 
4to., pp. 28, and one plate. (S. C. n.) 

17. Memoir on the explosiveness of nitre, with a view to elucidate its agency 
in the tremendous explosion of July. 1845, in New York. By Robert Hare, M.D. 
Accepted for publication, October, 1849. [1850.] 4to., pp. 20. (S. C. n.) 

18. Report on the history of the discovery of Neptune. By Benjamin 
Apthorp Gould, jr. 1850. 8vo., pp. 56. 

19. Directions for meteorological observations, inteuded for the first class 
of observers. [By Arnold Guyot.] 1850. 8vo., pp. 40, and 9 woodcuts. . . 

20. Microscopical examination of soundings, made by the United States Coast 
Survey off the Atlantic coast of the United States. By Professor J. W. Bailey. 
[January, 1851.] 4to., pp. 16, and 1 plate. (S. C. ii.) ^ 

21. Fourth annual report of the Board of Regents of the Smithsonian Insti- 
tiition, to the Senate and House of Representatives, showing the operations, 
expenditures, and condition of the Institution during the year 1849. Slst Con- 
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gxete, 1st Beeaon. Senate MisoellaneooB No. 120. Bead Joly 29, 1850. 

Ordered to be printed July 30, 1850. 8vo., pp. 272. 

$2. FkntBB WrightiaiUB Texaiio-Neo-Mexiean». By Pn^eeBor Asa Gray, 

M. D. Part I. Accepted for publication March, 1850. [March; 1852.] 4to., 

pp. 146, and 10 plates. (S. C. m.) 

An accoimt of a 6ollection of plants made by Cbarlee Wright in wettcni Texas, New Mex- 
ico, and Sonora, in the yean 1851 and 1852. 

23. Microscopical observations made in South Carolina, Greorgia, and Florida. 
By Professor J. W. Bailey. Accepted for publication December 1, 1850. [1851.] 
4to., pp. 48, and 3 plates. (S. G. n.) 

24. Appendix I. to vol. III. of the Smithsonian Contributions to Knowledge ; 
containing an ephemeris of the planet Neptune for the year 1852. By Sears G* 
Walker, esq. [1853.] 4to., pp. 10. (S. C. m.) 

25. Notices of public libi^es in the United States of America. By Charles 
C. Jewett, librarian of the Smithsonian Institution, Printed by order of Con- 
gress as an appendix to the fourth annual report of the Board of Regents of 
the Smithsonian Institution. 1851. 8yo., pp. 210. 

26. Smithsonian Contributions to Eaiowledge. Vol. II. 1851. 4to.y pp. 
464, and 24 plates. 

CONTENTS. 

(a) Walker. Besearches lelative to Neptane. 
(12.) Lieber. Vocal sounds of Laora Bridgeman. 
(20.) Bailey. Microscopical soundings off Atlantic coast 
(13.) Ellet. ^ysieal geography Mississippi valley aad improvement of rivers. 
(14.) Glbbes. Mosasanms and tfaiee allied genera. 
(16.) Agassis. Classification of insects irom embryological data. 
(17.) Hare. Explosiveness of nitre. 

(23.) Bailey. Microscopical observations in South Carolina, (Georgia, and Florida. 
(15.) Sqoier. Aboriginal monuments of stale of New York, 

(4.) Walker. Ephemeris of Neptune for 1848. 

(6.) Walker. Ephemeris of Neptone for 1650. 

(7.) Walker. Ephemeris of Neptone for 1851. 
(11.) Downes. Occultations visible in the United States in 1851. 

27. On recent improvements in the chemical arts* By Professor James C. 
Booth and Campbell Morfit 1852. 8vo., pp. 216. (M. C. n.) 

28. Fifth annual report of the Board of Regents of the Smithsonian Insti- . 
' tntion, to the Senate and House of Representatives, showing the operations, 

expenditures, and condition of the Institution, during the year 1850. ' Special 
.session, March, 1851. Senate Miscellaneous No. 1. Read March 1, 1851. 
Ordered to be printed March 7. 1851. 8vo., pp. 326. 

29. Occultations visible in the United States during the year 1852. Com- 
puted by John Downes, at the expense of the fund appropriated by Congress for 
the establishment of a Nautical Almanac, and published by the Smithsonian 
Institution. 1851. 4to., pp. 34. (S. C. m.) 

30. Contributions to the natural history of the fresh water fishes of North 
America. By Charles Girard. I — ^A monograph of the cottoids. Accepted 
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for publication DeoembeT, 1850. [December; 1851.] 4io.y pp. 80, and 3 plates. 
(S. Cm.) 

31. A Collection of meteorological tables, with other tables nselol in piuo- 
tical meteorology. Prepared by order of the Smithsonian Institution. By 
Arnold Guyot. 1852. 8vo., pp. 212. 

. 32. Nereis Boreali- Americana : or, contributions to a history of the marine 
alg® of North America. Part I. — Melanospermeae. By Professor William 
Heniy Harvey. Accepted for publication July, 1851. [January, 1852.] 4to., 
pp. 152, and 12 colored plates. (8. 0. m.) 

33. The Law of deposit of the flood tide : its dynamical action and office. 
By Charles Henry Davis, Lieutenant IT. S. Navy. Accepted for publication 
December, 1851. [1852.] 4to., pp. 14. (S. C. m.) 

34. Directions for collecting, preserving, and transporting specimens of natural 
history. Prepared for the use of the Smithsonian Institution. Third edition. 
March 1859. 8vo., pp. 40.,- 6 woodcuts. (M. C. n.) 

35. Observations on terrestrial magnetism. By Professor John Locke, 
Accepted for publication July, 1851. [April, 1852.] 4to., pp. 30. (S. C. ni.) 

36. Researches on electrical rheometry. hy Professor A. Secchi. Accepted 

for publication September, 1850. [May, 1852.] 4to., pp. 60, and 3 plates. (S. 

C. m.) 

* 

37. Descriptions of ancient works in Qhio. By Charles Whittlesey. Ac- 
cepted for publication May, 1850. [1851.] 4to., pp. 20, and 7 plates. 
(S. C. ni.) 

38. Smithsonian Contributions to Knowledge. Vol. HI. 1852. 4to., pp, 
564j and 35 plates. 

CONTENTS, 

(35.) Locke. Terrestrial magnetism. 

(36.) Secchi. Electrical rheometry. 

(30. ) Girard. Monograph of the cottoids. 

(32.) Haryey. Marine algee of North America. Part L— Melanospermea. 

(32.) Gray. PlantsB WrightianseTexano-Keo-Mexicanse. Parti. 

(33.) Davis. Law of deposit of the flood tide. 

(3f.) Whittlesey. Descriptions of ancient works in Ohio. 

(24.) Walker. Ephemeris of the planet Neptune for 1852. 

(29.) Downes. Ocenltations visible in United States daring 1852. 

39. Smithsonian Contributions to Knowledge. Vol. IV. 1852. 4to, pp. 426. 

CONTENTS. ^ 

(40.) Riggs. Dakota Grammar and Dictionary. 

40. Grammar and dictionary of the Dakota language. GoUeoted by the 
members of the Dakota mission. Edited by Rev. S. B. Riggs, A. M., Mission- 
ary of the American Board of Gommissioners for Foreign Missions, under the 
patronage of the Historical Society of Minnesota. Accepted for publication 
December, 1851. [1852.] 4to., pp. 414. (S. G. iv.) 

A small edition of the grammar only was printed separately. ^-^ ^ 
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41. Memoir on the extinct spedesof American ox. Bj Joseph Leidy, M. 
D. Accepted for pablication September, 1852. [December, 1852.] 4to., pp. 
20, and 5 plates. (8. C. t.) 

42. Plantae Wrigbtianae Texano-Neo-Mexican©. Part II. By Professor 
Asa Gray. Accepted for pablication October, 1852. fFebroary, 1853.] 4to,, 
pp. 120, and 4 plates. (S. C. v.) 

43. Nereis Boreali- Americana : or, contributions to a bistoiy of tbe marine 
algflB of North America. Part II. — Rhodospermeae. By Professor W. H. Har- 
vey. [March, 1853.] 4to., pp. 262, and 24 plates, colcied. (8. 0. v.) 

44. A flora and fauna within living animals. By Joseph Leidy, M. D. 
Accepted for pablication December, 1851. [April, 1853.] 4to., pp. 68, and 
10 plates. (8. C. v.) 

45. Anatomy of the nervous system of Ranapipiens. By Jeffries Wyman, 
M. D. Accepted for pablication May, 1852. [March, 1853.] 4to., pp. 52, 4 
woodcuts and 2 plates. (8. C. v.) 

46. Plant® Fr^montian® ; or, descriptions of plants collected by Colonel J, 
0. Fremont in California. By John Torrey, F. L. 8. Accepted for publication 
September, 1850. [1853.] 4to., pp. 24, and 10 plates. (8. 0. vi.) 

47. On the construction of oatalogoes of libraries, and their pablication by 
means of separate, stereotyped titles. With rules and examples. By Charles C. 
Jewett, Librarian of the Smithsonian Institution. 1852. 8vo., pp. 78. Second 
edition, 1853. 8vo., pp. 108. 

48. Bibliographia Americana Historico-Naturalis. A. D. 1851. Auctore 
Carolo Girard. December, 1852. Svo., pp. 68. 

49. Catalogue of north American reptiles in the museum of the Smithsonian 
Institution. Part I. — Serpents. By 8. F. Baird and C. Girard. January, 
1853. 8vo., pp. 188. (M. C. n.) 

50. Synopsis of the marine invertebrata of Grand Manan : or the region about 
the mouth of the Bay of Fundy, New Brunswick. By William Stimpson. 
Accepted for publication January, 1853. [March, 1853.] 4to., pp. 68, and 3 
plates. (S. C. VI.) 

51. Sixth annual report of the Board of Regents of the Smithsonian Insti- 
tution, to the Senate and House of Representatives, showing the operations, 
expenditures, and condidon of the Institution during the year 1851, and the pro- 
ceedings of the Board of Regents up to date. [32d Congress, Ist session, Senate 
Mis. No. 108. 1852. 8vo., pp. 104. 

52. Winds of the northern hemisphere. By Professor James H. Coffin, A. M. 
Accepted for publication November, 1850. Revised, November, 1852. [Novem. 
ber, 1853.] 4to., pp. 200, 13 pUtes, and 6 woodcuts. (8. C. vi.) 

53. Portraits of north American Indians, with sketched of scenery. Etc, 
Painted by J. M. Stanley. Deposited with the Smithsonian Institution. 
[December, 1852.] 8vo., pp. 76. (M. C. ii.) 

54. Occulations of planets and stars by the moon, during the year 1853. 
Computed by John Downes, at the expense of the fond appropriated by Con- 
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gieflB for the establidimcnt of a Naatioal Almanao, and published by the Smith- 
Bonian Institation. 1853. 4to.y pp. 36. (S. 0. Yi.) 

55. Smithsonian Gontribations to Knowledge. Vol. Y. 1853. 4to.y pp. 
538, mi 45 plates. 

OOHTEMTS. 

(44.) Leidj. Flora and fanna withia living animalfl. 

(41.) Leidy. Extinct species of American ox. 

(45.) Wjman. Anatomy of the nerroas ejetem of Bana pipiens. 

(43.) Harvey. Hartne algae of North America. Part XL— Khodoepermesa. 

(42.) Graj. Plante Wrightians. Part II. 

56. Smithsonian Contributions to Knowledge. YoL YL 1854. 4to.y pp. 
476, and 53 plates. 

COITTBHTS. 

(46.) Torrey. Plantse Fr^montiaose. 

(60.) Torrey. Batis maritima. 

(61.) Torrej. Darlingtonia callfernica. 

(50.) Stimpson. Marine inirertebrata of Grand Manaa. 

(52.) Coffin. Winds of the northern hemisphere. 

(58.) Leidy. Ancient fauna of Nebraska. 

(54.) Downes. Occnltaiions daring the year 1853. 

57. Sevei^th annual report of the Board of Regents of the Smithsonian 
Institution, to the Senate and House of BepresentativeS; showing the operationSi 
expenditures, and condition of the Institution during the year 1852, and the pro- 
ceedings of the Board of Regents up to date. [32d Congress, 2d session. Senate 
Mis. No. 53.] 1853. 8vo., pp. 96. 

58. The ancient fauna of Nebraska : or, a description of remains of extinct 
mammalia and chelonia, from the Mauvaises Torres of Nebraska. By Professor 
Joseph Leidy, M. D. Accepted for publication December, 1852. [June, 1853.] 
4to., pp. 126, 3 woodcuts, and 25 plates. (S. 0. vi.) 

59. Account of a tornado near New Harmony, Indiana, April 30, 1852, with 
a map of the track, &c. By John Ghappelsmith. Accepted for publication 
December, 1853. [April, 1855.] 4to., pp. 12, one map, one plate, and two wood- 
outs. (S.O.vn.) 

60. Observations on the Batis mariHma of Linnaeus. By John Torroy, F. 
L. S. Accepted for publication September, 1850. [April, 1853.] 4to., pp. 8, 
and 1 plate. (S. 0. vi.) 

61. On the Darlingtonia cdlifomica; a new pitcher-plant from northern Cali- 
ifomia. By John Torrey, F. L. S. Accepted for publication September. 1850. 
[April, 1853.] 4to., pp. 8, and 1 plate. (S. C. vi.) 

62. Catalogue of the described coleoptera of the United States. By 
f Priedrich Ernst Melsheimer, M. D. Revised by S. S. Haldeman and J. L. Le 

Conte. July, 1853. 8vo., pp. 190. 

63. Notes on new species and localities of microscopical organisms. By 
Professor J. W. Bailey, M. D. Accepted for publication November, 1853 
[Febmaiy 1854.] 4to., pp. 16, 4 woodcuts, and 1 plate. ,g(J|.,^.@^ Ogle 
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64. List of foreign institations in ooneapondence with tbo SmitliBonian Insti- 
tation. 1856. 8vo., pp. 16. 

65. Registry of periodical phenomena. Folio, pp. 4. 

66. The annalar eclipse of May 26, 1854. Published under the authority 
of Hon. James G. Dobbin, Secretary of the Navy, by the Smithsonian Institu- 
tion and Nautical Almanac. 1854. 8vo., pp. 14, and 1 map. 

67. Eighth annual report of the Board of Regents of the Smithsonian Insti- 
tution, showing the operations, expenditures, and condition of the Institution up 
to January 1, 1854, and the proceedings of the Board up to July 8, 1854 
[33d Congress, 1st session, House of Representatives, Mis. Doc No. 97.] 1854. 
8vo., pp. 310. 

This is the first of the series of annual reparts published by Congress as a bound Tolame* 
and it contains amoner other articles the first, second, third, fourth, fifth, sixth, and seventh 
reports of Professor Uenrjr, the secretary ; reports of committee on distribution of Smith- 
sonian income ; will of Smithson; notices of life of Smithson, and list of his scientific 
papers ; Acts of Congress accepting the bequest, and establishing the Institution. 

68. Vocabulary of the jargon or trade language of Oregon. [By Dr. B. 
Rush Mitchell, United States Navy, with additions by Professor W, W. Turner. 
April, 1853.] 8vo., pp. 22. 

69. Listof domestic institutions in correspondence withth^ Smithsonian Insti- 
tution. 1853. 8vo., pp. 16. 

70. The antiquities of Wisconsin, as surveyed and described. By I. A. Lap- 
ham, civil engineer. Etc., on behalf of the American Antiquarian Society. 
Accepted for publication, December, 1853. [May, 1855.J 4to., pp. 1U£, 61 
woodcuts and 55 plates. (S. 0. vn.) 

71. Archaeology of the United States, or sketches, historic&l and biblio- 
graphical, of the progress of information and opinion respecting vestiges of 
antiquity in the United States. By Samuel F. Haven. Accepted for publica- 
tion, January, 1855. [July, 1856.] 4to., pp. 172. (S. 0. vni.) 

72. A memoir on the extinct sloth tribe of North America. By Professor 
Joseph Leidy, M. D. Accepted for publication, December, 1853. [June, 1855.] 
4to., pp. 70, and 16 plates. (S. 0. vii.) 

73. Appendix. 'Publications of learned societies and periodicals in the 
library of the Smithsonian Institution. Part I. [December 31, 1854.] [1855.] 
4to., pp. 40. (S. 0. VII.) 

74. Catalogue of publications of the Smithsonian Institution. Corrected to 
June, 1862. 8vo., pp. 52. (M. C. v.) 

75. Ninth annual report of the Board of Regents of the Smithsonian Institution, 
showing the operations, expenditures, and condition of the Institution up to Janu- 
ary 1, 1855, and the proceedings of the Board up to February 24, 1855. [33d 
Congress, 2d session. House of Representatives, Mis. Doc. No. 37.] 1855. 8vo., 
pp. 464, 4 woodcuts. 

76. Smithsonian Contributions to Knowledge. Vol. VII. 1855, 4to. pp. 
252, 70 woodcuts and 74 plates. 
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OOHTBHTS. 

(59.) Chappelsmith. Tornado near New Harmony, Indiana. ^ 

(63.) Bailey. New species and localities of ndcroacopic pr^anisms. 

(70.) Lapham. Antiquities of Wisconsin. 

(72.) Leidy. Extinct sloth tribe of North America. 

(73.) Publications of societies and periodicals in Smithsonian Library. Part I.' 

77. Tenth annual report of the Board of Begents of the Smithsonian Insti- 
tution, showing the operations, expenditures, and condition of the Institution up 
to January 1, 1856, and the proceedings of the Board up to March 22, 1856. 
[34th Congress, Ist sesdon, Senate Mis. Doc. No. 73.] 1856. 8vo., pp. 440, 
79 woodcuts. 

78. Smithsonian Contributions to Knowledge. 'VoLVIIL 1856. 4to., pp. 
556f 9 plates and 27 woodcuts. 

CONTENTS. 

(71.) HaTen. Archseology of the United States. 

(81.) Oknsted. Recent secular period of aurora horealis. 

(80.) AlYord. Tangendesof circles and of spheres. 

(82.) Jones. Chemical and physiological investigations relative to vertebrata. 

(84.) Force. Auroral Phenomena in Higher Northern Latitudes. 

(85.) Publieatious of societies and periodicals in Smithsonian Library. Part II. 

79. New tables for determining the values of the coefficients, in the pertnr* 
bative function of planetary motion, which depend upon the ratio of the mean 
distances. By John D. Runkle. Accepted for publication, November, 1855. 
[November, 1856.] 4to., pp. 64. (S. C. ix.) 

80. The tangenciesof circles and of spheres. By Benjamin Alvord, major 
United States Army . Accepted for publication, January, 1855. [January, 1 856.] 
4to., pp. 16, 25 woodcuts and 9 plates. (S. 0. viii.) 

81. On the recent secular period of the aurora borealis. By Professor Denison 
Olmsted, LL.D. Accepted for publication, January, 1855. [May, 1856.] 
4to., pp. 52. (S. C. VIII.) 

82. Investigations, chemical and physiological, relative to certain American 
vertebrata. By Professor Joseph Jdhes, M. D. Accepted for publication, 
March, 1856. [July, 1856.] 4to., pp. 150, and 27 woodcuts. (S. C. viii.) 

83. On the relative intensity of the heat and light of the sun upon different 
latitudes of the earth. By L. W. Meech, A. M. Accepted for publication, 
September, 1855. [November, 1856.] 4to., pp. 58, 5 woodcuts and 6 plates. 
(S. C. IX.) 

84. Appendix. Record of auroral phenomena observed in the higher northern 
latitudes. Compiled by Peter Force. [July, 1856.J 4to., pp. 122. • (S. 0. viii.) 

85. Appendix. Publications of learned societies and periodicals in the library 
of the Smithsonian Institution. Part II. [May, 1856.] 4to., pp. 38. (S. 0. 

VIII.) 

86. Observations on Mexican history and archaeology, with a special notice 
of Zapoteo remains, as delineated in Mr. J. Gr. Sawkins's drawings of Mitla, Etc. 
By Brantz Mayer. Accepted for publication, June, 1856. [November, 1856.] 
4to., pp. 36, 17 woodcuts and 4 plates. (S. 0. ix.) 3'^'^^^ ^y V • ^ 
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87. Fsycliroinetrical table: for detemiiiiiDg tbe elastic fon;e of aqaeoaa 
vapor, and the relative humidity of the atmosphere from indicatioiis of the 
wet and the dry balb thermometer^ Fahrenheit By James H. Goffin, A. M. 
1856. 8vo., pp. 20. (M. 0. i.) 

88« Researches on the ammonia-cobalt bases. By Woloott Gibbs and 
Frederick Ang. Genth. Accepted for pablioationy Jaly, 1856. [December, 
1856.] 4to , pp. 72, 21 woodcuts. (S. C. ix.) 

89. North American Odlogy. By Thomas M, Brewer, M. D. Part 1. — 
Baptores and Fissirostres. Accepted for publication, February, 1856. [1857.] 
pp. 140, and 5 plates. (S. G. xi.) 

90. Illustrations of surfac* geology. By Professor Edward Hitchcock, 
LL.D. Accepted for publication, January, 1856. [April, 1857.] 4to., pp. 164, 
2 woodcuts and 12 plates. (S. G. ix.) 

91. Annual report of the Board of Regents of the Smithsonian Institution, 
showing the operations, expenditures, and condition of the Institution for the year 
1856, and the proceedings of the Board up to January 28, 1857. 34th Con- 
gress, 3d Session, House of Representatives, Mis. Doc. No. 55. 1857. 8vo., 
pp. 468 ; 69 woodcuts. 

92. Smithsonian Contributions to Knowledge. Vol. IX. 1857. 4to.y pp. 
482, and 22 plates. 

CONTENTS. 

(83.) Meech. Intensity of heat and light of tan upon different lotitnddB. 

(90.) Hitchcock. Illaetrations of surface geology. 

(86.) Mayer. Mexican history and archsology, and Zapotec renuuns. 

(88.) Gibbs and Oenth. Researches on ammonia-cobalt bases. 

<79.) Rankle. New tables, planetary motion. 

(94.) Rankle. Asteroid supplement to new tables. 

93. Smithsonian meteorological observations for the year 1855. (Printed 

for examination by the observers.) 1857. 8vo.y pp. 118'. 

Printed merely to enable observers to verify their records, and distribated only to them. 
The same material is embodied in No. J57 : *^ Results of Meteorological Observations," &c 

94. Asteroid supplement to new tables for determining the values of 
t^? and its derivatives. By John D. Runkle. Accepted for publicaUon Novem- 
ber, 1855. [May, 1857.] 4to., pp. 72. (S. 0. ix.) 

95. Nereis Boreali- Americana: or, contributions to the history of the marine 

algsB of North America. Part III. — Ohlorospermefle. By Professor William 

Henry Harvey, M. D. Accepted for publication, September, 1857. [March, 

1858.] 4to., pp. 142, and 14 plates, colored. (S. 0. x.) 

Tbe colored plates are to be found in the extra copies, most of the edition inserted in tho 
series of contribntions haviog plain plates. 

96. Nereis Boreali- Americdna : or, contributions to a history of the marine 
algas of North America. By Professor William Henry Harvey, JUL D. In three 
parts, with 50 colored plates. May, 1858. 4to., pp. 568. 

97. Mognetical observations in the Arctic Seas. By Elisha Kent Kane, 
M. D., U. S Navy. Made during the second Grinnell expedition inisearch 
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of Sir John Franklin, in 1853-'54-'55, at Van Hensselaer Harbor^ and other 
points on the west coast of Greenland. Eeduood and discussed by Charles 
A. Schott, assistant United States Coast Survey. Accepted for publication May, 
1858. [1859.] 4to., pp. 72 j one woodcut and two plates. (S. C. x.) 

98. Grammar and dictionary of the Yoniba language. With an introductory 
description of the country and people of Yoruba. By the Kev. T. J. Bowen, 
Missionary of the Southern Baptist Convention. Accepted for publication May, 
1858. [June, 1858.] 4to., pp. 232, and one map. (8. 0. x.) 

99. Smithsonian Contributions to Knowledge. Vol. X. 1858. 4to., pp. 
462, and 17 plates. 

CONTENTS. 
(95.) Harrey. Marine algffi. Part III. Chlorospermefle. 
(97.) Kaoe. Magoetical observations in the Arctic seas. 
(98.) Bowen. Grammar and dictionary of the Toruba language. 

100. An Account of the total eclipse of the sun on September 7, 1858, as 
observed near Olmos, Peru. By Lieutenant J. M. Gilliss. Accepted for pub- 
lication, January, 1859. [April, 1859.] 4to., pp. 22 ; 1 woodcut and 1 plate. 
(S. C. XI.) 

101. Map of the solar eclipse of March 15, 1858. By Rev. Thomas Hill, 
of Wiiltham, Massachusetts. Published by the Smithsonian Institution for dis- 
tribution among its observers. January, 1858. 8vo., pp. 8, and one plate. 

102. Catalogue of the described diptera of North America. Prepared for the 
Smithsonian Institution by R. Osten Sacken. January, 1858. 8vo., pp. 112. 
[With supplement of four pages. October, 1859.] (M. C. in.) 

103. Meteorological observations made at Providence, Rhode Island, extend- 
ing over aperiod of twenty-eight years and a half, from December, 1831, to May, 
1860. By Professor Alexis Caswell. Accepted for publication, August, 1859. 
[October, 1860.J 4to., pp. 188. (S. C. xii.) 

104. Meteorological observations *in the Arctic Seas. By Elisha Kent Elane, 
M. D., U. S. Navy. Made during the second Grinnell expedition in search 
of Sir John Franklin, in 1853, 1854, and 1855, at Van Rensselaer Harbor, and 
other points on the west coast of Greenland. Reduced and discussed by 
Charles, A. Schott, assistant United States Coast Survey. Accepted for publi- 
cation May, 1858. [November, 1859.] 4to., pp. 120, 10 woodcuts. (S. (3. xi.) 

105. Catalogue of North American mammals, chiefly in the museum of the 
Smithsonian Institution. By Spencer F. Baird. July, 1857. 4to., pp. 22, 

Beprintod from Vol. VIII of Pacific Railroad Report 

106. Catalogue of North American birds, chiefly in the museum of the 
Smithsonian Institution. By Spencer F. Baird. October, 1858. 4to., pp. 42. 

Reprinted from Vol. IX of Pacific Raibroad Report. 

107. Annual report of the Board of Regetits of the Smithsonian Institution, 
showing the operations, expenditures, and condition of the Institution for tho 
year 1857. 35th Congress, 1st Session, Senate Mis. Doc. No. 272. 1858. 
8vo., pp. 438; 100 wbodcuts. r^^^^^T^ 
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108. C&talogne of North American birds, chiefly in the museom of the Smith 
sonian Institution. By Spencer F. Baird. First octavo edition. 1859. 8vo.^ 
pp.24. (M. C. II.) 

Of this work an edition has been printed for labelling, with one side of each leaf blank. 

109. Annual report of the Board of Regents of the Smithsonian Institution, 
• showing the operations, expenditures, and condition of the Institution for the 

year 1858. 35th Congress, 2d Session, Senate Mis. Doc. No. 49. 1859. 8vo., 
pp. 448, 48 woodcuts. 

110. Annual report of the Board of Regents of the Smithsonian Institution, 
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